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1.0        INTRODUCTION 


1.1        Background 


The  United  States  Environmental  Protection  Agency  (USEPA)  Region  I  issued  an 
Administrative  Order  (AO)  to  the  National  Guard  Bureau  (NGB)  and  Massachusetts 
Army  National  Guard  (MAARNG)  on  07  January  2000.  This  AO  is  informally  referred 
to  as  AO#3  and  is  identified  by  USEPA  as  EPA  Docket  No.  SDWA- 1-2000-00 14.  AO#3 
specifies  a  series  of  Rapid  Response  Actions  (RRAs)  and  Remedial  Actions  be 
implemented  to  be  protective  of  groundwater  at  the  Massachusetts  Military  Reservation 
(MMR)  Camp  Edwards  Training  Site.  The  RRA  requirement  of  AO#3  is  being 
implemented  as  documented  in  the  Draft  Work  Plan,  Rapid  Response  Action  and  Draft 
Release  Abatement  Measure  Plan  (Ogden,  2000a).  The  requirement  to  plan  for  Remedial 
Actions  is  addressed  in  this  document. 

This  Feasibility  Study  Work  Plan  (FSWP)  is  the  first  in  a  series  of  deliverables  that  are 
required  to  comply  with  the  AO#3  Statement  of  Work  (SOW)  for  completing  Feasibility 
Study  (FS),  Remedial  Design  (RD)  and  Remedial  Action  (RA)  activities  outlined  in 
Appendix  B.  AO#3  identifies  five  Areas  of  Concern  (AOCs)  where  an  FS  shall  be 
conducted  for  soil  and/or  groundwater  remediation.  The  AOCs  and  media  identified  in 
AO#3  to  be  evaluated  are  listed  below.  Additional  AOCs  and/or  media  may  be  identified 
in  the  future  as  data  becomes  available  from  ongoing  and  planned  site  characterization 
activities. 

•  Demolition  Area  1  (Demo  1)  -  soil  and  groundwater 

•  Central  Impact  Area  -  groundwater 

•  Southeast  Corner  of  Ranges  -  soil  and  groundwater 

•  Training  Ranges  and  Impact  Area  -  unexploded  ordnance  (UXO) 

•  Chemical  Spill  (CS)  19  -  soil  and  groundwater 

Chemical  Spill  (CS)-19  is  currently  being  addressed  by  others  as  part  of  the  Installation 
Restoration  Program  (IRP)  and  therefore  will  not  be  included  in  this  FSWP.  The 
geographical  locations  of  each  AOC  are  shown  on  Figure  1-1 . 

1.2        Objectives 

The  overall  objective  of  AO#3  -  Appendix  B  is  to  evaluate  potential  remedial  alternatives 
for  RA  at  AOCs  in  the  Training  Ranges  and  Impact  Area  at  Camp  Edwards  to  provide  a 
basis  for  the  selection  and  implementation  of  appropriate  Remedial  Actions  that  are 
protective  of  groundwater. 


The  objectives  of  the  FS  component  of  AO#3  are  to: 
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•  Review  applicability  of  various  remedial  technologies,  including 
innovative  technologies,  to  determine  whether  they  are  technically 
appropriate  remedies. 

•  Identify  Remedial  Action  Objectives. 

•  Evaluate  each  alternative  in  the  short  and  long  term  to  determine 
whether  it  is  effective,  implementable,  and  cost  effective. 

•  Evaluate  each  of  the  potentially  effective  remedial  alternatives  or 
combination  of  alternatives  through  a  detailed  and  comparative 
analysis. 

The  FS  also  typically  includes  conceptual  design  elements,  engineering  analyses,  cost 
analyses,  and  an  analysis  of  time  frames  for  the  achievement  of  preliminary  remediation 
goals. 

The  overall  objective  of  the  FSWP  is  to  provide  the  foundation,  approach  and  schedule 
for  the  subsequent  submittals  required  to  complete  the  FS,  RD  and  RA  components  for 
the  AOCs. 


1.3        Report  Organization 

This  FSWP  is  intended  to  meet  the  requirements  of  USEPA  Region  I  Administrative 
Order,  EPA  Docket  No.  SD WA- 1-2000-000 14,  Appendix  B  requirements  for  the  NGB 
and  the  MAARNG  to  prepare  and  submit  a  FSWP.  The  work  plan  contains  nine  sections 
that  are  summarized  below. 

Section  1.0  introduces  the  requirements  of  AO#3  -  Appendix  B,  its  objectives  and  the 
topics  the  work  plan  addresses.  Section  1.0  also  describes  the  overall  remediation 
process,  presents  contaminants  of  potential  concern  and  preliminary  remediation  goals, 
and  provides  a  brief  background  of  MMR. 

Section  2.0  summarizes  previous,  ongoing  and  currently  planned  investigations  for  each 
AOC.  This  section  also  describes  the  AOC  history,  use  and  physical  conditions. 

Section  3.0  identifies  the  additional  investigations  planned  to  characterize  the  nature  and 
extent  of  contamination  present  at  each  AOC.  Section  3.0  also  presents  a  preliminary  site 
conceptual  model  for  the  Training  Ranges  and  Impact  Area  that  considers  known  and 
suspected  sources  of  contamination,  types  of  contaminants  and  affected  media,  known 
and  potential  routes  of  migration  and  known  and  potential  human  and  environmental 
receptors. 

Section  4.0  outlines  the  FS  process  and  objectives. 
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Section  5.0  identifies  potentially  applicable  remedial  technologies  and  any  technology 
specific  data  requirements  and  describes  how  the  data  requirements  will  be  achieved. 

Section  6.0  provides  the  details  and  references  that  comprise  the  Project  Operations  Plan 
(POP)  and  identifies  the  FS  organization  and  management  team.  A  field  sampling  plan 
for  additional  soil  investigations  at  Demo  1  is  also  presented  in  this  section. 

-  » 

Section  7.0  describes  the  Long  Term  Monitoring  Plan  to  monitor  impacted  media  to 
determine  the  potential  changes  in  the  nature  and  extent  of  the  contamination  and  to 
provide  data  to  evaluate  seasonal  variability,  climatological  influence,  fate  and  transport, 
and  background  levels  for  contaminants  identified  at  each  AOC. 

Section  8.0  provides  a  detailed  schedule  of  events  that  depicts  the  overall  process  to 
address  each  AOC  in  accordance  with  AO#3,  Appendix  B. 

Section  9.0  lists  the  cited  references. 

Figures  and  tables  are  presented  at  the  end  of  this  document. 

1.4       Remediation  Process 

Figure  1-2  presents  the  overall  remediation  process  that  will  be  used  to  ultimately  select 
and  implement  appropriate  Remedial  Actions  at  the  AOCs.  The  AOCs  are  at  different 
stages  within  this  process;  therefore  each  will  have  a  unique  execution  timeline.  Figure 
1-3  identifies  the  tasks,  objectives  and  associated  documents  for  each  of  the  components 
of  the  remediation  process. 

Scoping  is  the  planning  phase  for  the  overall  remediation  process.  This  includes 
collecting  and  analyzing  existing  data,  identifying  potential  AOCs  and  operable  units, 
determining  preliminary  remedial  response  objectives  and  preparation  of  project  plans. 
The  scoping  activities  are  continuously  updated  as  new  information  and  data  become 
available.  The  initial  scoping  activities  have  been  completed  for  site  characterization 
activities  under  the  Impact  Area  Groundwater  Study  (IAGS)  Program.  As  new 
requirements  are  identified  site  specific  investigation  work  plans  are  developed  under  the 
IAGS.  This  FSWP  is  the  scoping  document  for  the  FS  and  also  updates  site 
characterization  planning  information  where  appropriate. 

Site  characterization  includes  conducting  field  investigations,  defining  the  nature  and 
extent  of  contamination,  and  establishing  risk-based  remediation  goals.  The  AOCs  are 
currently  at  different  stages  of  the  remediation  process.  Site  characterization  work  is 
nearly  complete  for  Demo  1 ,  approximately  at  the  midpoint  for  the  Central  Impact  Area 
and  just  getting  underway  for  the  Southeast  Corner  of  the  Ranges  and  UXO.  Site 
characterization  is  currently  being  conducted  under  the  IAGS  and  will  be  documented  in 
the  various  site  characterization  reports  for  each  AOC. 
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The  development  and  screening  of  alternatives  involves  identifying  potential  remediation 
technologies,  screening  the  technologies,  and  assembling  the  technologies  into 
alternatives.  Identification  of  potential  technologies  and  preliminary  screening  is 
typically  started  while  site  characterization  activities  are  still  in  progress.  As  information 
is  generated,  it  flows  back  and  forth  between  site  characterization  and  development  and 
screening  of  alternative  activities  in  an  iterative  fashion.  This  process  ensures  that  the 
required  data  are  collected  to  properly  evaluate  alternatives.  A  preliminary  evaluation  of 
remediation  technologies  for  soil  and  groundwater  has  been  conducted  for  Demo  1 
(Ogden,  2000h).  Since  contaminants  at  the  AOCs  are  similar,  this  evaluation  provides 
appropriate  information  for  all  AOCs.  As  site  characterization  is  completed,  the 
evaluation  will  be  updated  and  documented  in  the  Development  and  Initial  Screening  of 
Alternatives  Report. 

Post-screening  investigations  can  include  literature  searches  to  obtain  additional  data  on 
treatment  technologies,  bench  and/or  pilot  scale  treatability  tests,  and  collection  of 
additional  field  data  to  further  assess  the  characteristics  of  an  AOC.  The  need  for  post- 
screening  investigations  is  evaluated  throughout  the  characterization  and  screening 
process  and  will  be  determined  after  completion  of  the  Development  and  Initial 
Screening  of  Alternatives  Report.  These  investigations,  if  necessary,  will  be  delineated 
in  a  Post-Screening  Investigation  Work  Plan.  These  investigations  provide  critical  data 
required  to  properly  evaluate  potential  remedial  alternatives,  therefore,  they  are 
conducted  prior  to  completing  the  detailed  analysis  of  alternatives.  The  results  of  any 
post-screening  investigations  will  be  reported  in  the  FS  Report  or  a  separate  Post- 
Screening  Investigation  Report. 

The  detailed  analysis  of  alternatives  involves  further  refining  alternatives  as  necessary, 
analyzing  the  alternatives  against  specific  criteria,  and  comparing  the  alternatives  to  each 
other.  This  analysis  and  comparison  provide  the  information  needed  to  select  an 
appropriate  remedy.  The  FS  Report  documents  the  evaluation. 

The  Remedy  Selection  Plan  documents  the  proposed  remedial  action  alternative.  The 
plan  summarizes  the  description,  analysis  and  comparison  of  all  alternatives  evaluated  in 
the  FS  and  describes  the  rationale  for  selecting  the  proposed  remedial  alternative.  This 
plan  will  be  submitted  to  solicit  public  comment  on  the  proposed  remedy  after 
completion  of  the  FS.  The  Remedy  Selection  Plan  is  not  required  by  AO#3,  but  will  be 
prepared  to  facilitate  public  participation  in  the  remedy  selection  process. 

The  decision  document  officially  selects  the  remedy.  This  document  will  summarize  the 
site  characterization  and  FS  data  and  provide  a  detailed  description  of  the  components 
and  performance  objectives  of  the  selected  remedy.  The  Decision  Document  will  be 
prepared  by  the  Guard  upon  incorporation  of  agency  and  public  comments  on  the 
Remedy  Selection  Plan. 

RD  involves  preparation  of  detailed  plans  and  specifications  that  will  be  used  implement 
the  selected  remedy.  RA  is  the  execution  of  the  selected  remedy.  The  anticipated 


Draft  FS  Work  Plan  Page  4  April  5.  2000 


Internal  Draft  Feasibility  Study  Work  Plan 


activities  to  be  conducted  and  documents  to  be  submitted  for  the  RD  and  RA  are 
identified  in  Section  8.3. 


e 


1.5        Contaminants  of  Potential  Concern 

AO#3  identified  contaminants  of  potential  concern  (COPCs)  for  the  AOCs  and  affected 
media  based  on  existing  data.  The  following  subsections  present  the  currently  identified 
COPCs  and  discuss  how  the  preliminary  remediation  goals  (PRGs)  will  be  established  for 
soil  and  groundwater  at  each  of  the  AOCs.  The  list  of  COPCs  will  be  continuously 
updated  as  new  site  characterization  data  become  available.  A  detailed  screening  of 
COPCs  will  be  conducted  upon  completion  of  site  characterization  activities  to  identify 
all  contaminants  of  concern  for  each  AOC. 

1.5.1  Soil 

COPCs  identified  for  soil  at  Demo  1  in  AO#3  are  hexahydro-l,3,5-trinitro-l,3,5-triazine 
(RDX);  octahydro-l,3,5,7-tetranitro-l,3,5,7-tetrazocine  (HMX);  2,4-dinitrotoluene  (2,4- 
DNT);  2,6-dinitrotoluene  (2,6-DNT);  2-amino-4,6-dinitrotoluene  (2A-DNT);  4-amino- 
2,6-dinitrotoluene  (4A-DNT);  di-N-Butylphfhalate;  and  N-nitrosodiphenylamine. 

No  COPCs  for  soil  were  identified  in  AO#3  for  the  Central  Impact  Area,  Southeast 
Corner  of  the  Ranges  or  UXO.  Soil  contamination  was  identified  at  the  Steel  Lined  Pit 
with  the  Southeast  Corner  of  the  Ranges  AOC  and  is  being  addressed  by  the  RRA  in 
accordance  with  the  Draft  Work  Plan,  Rapid  Response  Action  and  Draft  Release 
Abatement  Measure  Plan  (Ogden,  2000a).  COPCs  for  UXO  will  be  identified  based 
upon  ongoing  characterization  activities. 

PRGs  that  are  protective  of  groundwater  will  be  developed  based  on  the  fate  and 
transport  modeling  currently  being  planned  for  Camp  Edwards  (Ogden,  1999d).  The 
final  contaminants  of  concern  for  an  AOC  will  be  selected  based  on  the  site 
characterization  data  and  comparison  to  the  PRGs. 

1.5.2  Groundwater 

Table  1-1  presents  the  groundwater  COPCs  identified  in  AO#3  for  the  AOCs  and  the 
proposed  PRGs.  PRGs  were  selected  based  on  the  most  conservative  risk-based  standard 
of  the  Federal  Maximum  Contaminant  Levels  (MCLs),  Federal  Secondary  MCLs 
(SMCLs),  Massachusetts  Contingency  Plan  (MCP)  GW-1  Method  1  Standards,  Federal 
Lifetime  Health  Advisory  (HA),  and  the  Drinking  Water  Equivalent  Levels  (DWELs). 
The  feasibility  of  remediation  to  background  concentrations  for  groundwater  will  be 
evaluated  in  the  FS.  Similar  to  soil,  the  COPCs  for  groundwater  will  be  updated  as  new 
data  warrant. 
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1.5.3     UXO 

Specific  COPCs  have  not  been  identified  for  UXO  at  this  time.  Investigations  and 
evaluations  of  UXO  and  its  potential  impact  to  groundwater  are  currently  underway.  The 
activities  planned  are  described  in  Section  2.4.5. 

1.6        Site  Description 

The  MMR  is  a  21,000-acre  facility  located  on  Cape  Cod,  in  the  towns  of  Bourne, 
Falmouth.  Mashpee  and  Sandwich  in  Barnstable  County,  Massachusetts.  The  MAARNG 
conducts  training  operations  at  MMR  under  the  direction  of  NGB.  Approximately 
14.000-acres  of  MMR  constitute  the  Training  Ranges  and  Impact  Area.  The  Training 
Ranges  and  Impact  Area  lie  directly  over  the  Sagamore  Lens,  a  major  groundwater 
recharge  area  and  the  most  productive  part  of  the  Cape  Cod  Aquifer.  Groundwater  flows 
radially  in  all  directions  from  the  apex  of  the  Sagamore  Lens  located  at  the  southeast 
comer  of  the  Impact  Area  (Figure  1-1). 

The  AOCs  are  located  within  the  Training  Ranges  and  Impact  Area  and  are  currently 
being  investigated  as  part  of  the  ongoing  I  AGS  Program.  Results  from  the  ongoing 
investigations  prompted  the  identification  of  the  AOCs  and  affected  media. 

The  following  subsections  provide  background  information  on  the  history  of  operations, 
land  use  and  demographics,  climate,  geography,  geology,  hydrogeology,  groundwater 
use,  and  ecological  setting.  This  information  was  obtained  from  the  Final  Remedial 
Investigation  UTES/BOMARC  and  BOMARC  Area  Fuel  Spill  Source  Operable  Units: 
CS-10A  and  CS-10B  (CDM,  1997). 

1.6.1     History  of  Operations 

Military  use  of  portions  of  MMR  began  as  early  as  1911;  however,  the  majority  of 
activity  at  MMR  has  occurred  since  1935,  and  has  included  operations  by  the  U.S.  Army, 
U.S.  Navy  (USN),  U.S.  Coast  Guard  (USCG),  U.S.  Air  Force  (USAF),  Massachusetts 
Army  National  Guard  (MAARNG),  U.S.  Air  National  Guard  (ANG),  and  Veterans 

Administration  (VA). 

The  level  of  activity  at  MMR  has  varied  over  its  operational  history.  The  most  intensive 
U.S.  Army  activity  occurred  during  World  War  II  (WWII)  from  1940-1944  and  during 
demobilization  after  the  war,  when  large-scale  motor  pool  activities  and  troop  billeting 
took  place  in  the  center  of  the  Cantonment  Area.  The  USN  conducted  advanced  naval 
aviation,  carrier-based  flight  training  during  the  last  two  years  of  WWII.  The  USAF 
maintained  intensive  aircraft  operations  from  1955  to  1970  along  the  flightline  areas  in 
the  southeastern  portion  of  the  Cantonment  Area.  Airborne  surveillance  activities  were 
phased  out  in  the  early  1970s. 
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Ongoing  operations  at  MMR  include  ARNG  and  U.S.  Army  Reserve  training.  Air  Station 
Cape  Cod  (USCG),  the  PAVE-PAWS  missile  and  space  vehicle  tracking  system  (USAF), 
and  the  Massachusetts  National  Cemetery  (VA). 

1 .6.2     General  Land  Use  and  Demographics 

Several  areas  of  MMR  are  utilized  for  activities  such  as  the  Otis  Air  Force  Base  Airfield 
and  military  support  facilities.  About  2,000  year-round  residents  live  in  a  housing  area 
operated  by  the  USCG  on  MMR,  which  includes  a  chapel,  a  golf  course,  a  base 
commissary,  a  medical  dispensary,  three  public  schools  operated  by  the  town  of  Bourne, 


■n 


and  one  private  school.  The  MMR  resident  population  increases  by  as  much  as  several  ca 

thousand  people  during  Reserve  and  National  Guard  activities.  Both  year-round  and 
seasonal  residents  live  in  towns  adjacent  to  MMR. 


Recreational  land  use  in  the  area  near  MMR  includes  golfing,  swimming,  boating,  and 

other  water  sports.  Two  ponds  adjacent  to  MMR  (John's  Pond  and  Ashumet  Pond) 

support  fishing,  boating,  and  water  skiing.  Shawme  Crowell  State  Forest  and  Crane  ^ 

Wildlife  Management  Area  provide  hunting  opportunities  for  residents,  as  well  as  other 

recreational  pursuits  such  as  model  plane  flying.  In  addition,  portions  of  MMR  are 

opened  for  deer  hunting  by  permit  from  the  Massachusetts  Division  of  Fisheries  and 

Wildlife.  A  summer  camp  for  young  people,  Camp  Good  News,  is  located  east  of  MMR  H 

on  Snake  Pond.  gr 

I 

The  major  agricultural  land  use  near  MMR  is  the  cultivation  of  cranberries.  Other 
agricultural  uses  include  farming  of  blueberries  and  other  fruits  and  vegetables. 
Commercial  and  industrial  development  includes  service  industries,  sand  and  gravel  pit 
operations,  municipal  landfills,  and  wastewater  treatment  facilities. 

1.6.3     Climate 

The  climate  at  MMR  is  classified  as  humid  continental.  Proximity  to  the  Atlantic  Ocean 
has  a  moderating  effect  on  temperatures,  producing  warmer  winters  and  cooler  summers 
than  nearby  inland  areas.  February  is  usually  the  coolest  month  of  the  year,  with  daily 
temperatures  ranging  from  an  average  minimum  of  23  degrees  F  to  an  average  maximum 
of  38  degrees  F.  The  warmest  month  is  July,  with  average  daily  temperatures  ranging 
from  63  to  78  degrees  F. 

Precipitation  is  fairly  evenly  distributed  throughout  the  year,  with  the  least  rainfall 
typically  occurring  during  June.  Average  annual  rainfall  is  47.8  inches.  Average 
precipitation  is  4  inches  per  month  throughout  the  year,  with  a  variation  of  2  to  4.8  inches 
per  month. 

Prevailing  winds  are  from  the  northwest  from  November  to  March  and  from  the 
Southwest  from  April  to  October.  Wind  speeds  vary  from  an  average  of  9  miles  per  hour 
(mph)  during  the  summer  and  early  autumn  to  an  average  of  nearly  12  mph  from  late 
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autumn  through  early  spring.  Tropical  and  oceanic  storms  occasionally  cause  short 
periods  of  much  higher  wind  velocities. 

1 .6.4  Geography 

MMR  is  located  on  two  distinct  types  of  terrain.  The  Cantonment  Area  lies  on  a  gently 
southward-sloping  outwash  plain,  with  elevations  ranging  from  100  to  140  ft  above  sea 
level.  The  area  to  the  north  and  west  of  the  Cantonment  Area  is  dotted  with  irregular 
hills  and  lies  in  the  southern  extent  of  Wisconsin  Age  terminal  moraines.  Elevations  in 
this  area  range  from  100  to  250  above  sea  level,  on  average.  Kettle  holes  and  depressions 
are  found  over  the  entire  site,  some  of  which  contain  water. 

1.6.5  Geology 

The  geology  of  western  Cape  Cod  is  comprised  of  glacial  sediments  deposited  during  the 
retreat  of  the  Wisconsin  stage  of  glaciation.  Three  extensive  sedimentary  units  dominate 
the  regional  geology:  the  Buzzards  Bay  Moraine  (BBM),  the  Sandwich  Moraine  (SM), 
and  the  Mashpee  Pitted  Plain  (MPP).  The  BBM  and  the  SM  lie  along  the  western  and 
northern  edges  of  western  Cape  Cod,  respectively.  The  MPP,  which  consists  of  fine  to 
coarse-grained  sands  forming  a  broad  outwash  plain,  lies  between  the  two  moraines. 
Underlying  the  MPP  are  fine-grained,  glaciolacustrine  sediments  and  basal  till  at  the  base 
of  the  unconsolidated  sediments.  The  BBM  and  SM  are  composed  of  ablation  till,  which 
is  unsorted  material  ranging  from  clay  to  boulder  size  that  was  deposited  at  the  leading 
edge  of  two  lobes  of  the  Wisconsinian  glacier  at  its  furthest  advance.  These  moraines 
form  hummocky  ridges. 

The  total  thickness  of  unconsolidated  sediments  overlying  bedrock  varies  from 
approximately  175  ft  near  the  Cape  Cod  Canal  in  the  northwest  to  approximately  325  ft  at 
the  thickest  portion  of  the  BBM,  while  decreasing  to  about  250  ft  near  Nantucket  Sound 
in  the  south.  The  portion  of  the  overburden  composed  of  MPP  outwash  sediments  varies 
in  thickness  from  approximately  225  ft  near  the  moraines  in  the  north  to  about  80  ft  near 
the  shore  of  Nantucket  Sound.  Glacio-lacustrine  sediments  and  till  underlying  the  MPP 
generally  increase  in  thickness  as  the  proportion  of  MPP  sediments  decrease.  Bedrock, 
which  has  been  mapped  as  a  granodiorite,  lies  approximately  300  ft  below  the  ground 
surface  (bgs). 

1.6.6  Hydrogeology 

The  following  discussion  is  primarily  related  to  the  MPP.  Hydrologic  characteristics 
associated  with  the  moraines  are  not  as  well  defined. 

A  single  groundwater  flow  system  underlies  western  Cape  Cod,  including  MMR.  The 
aquifer  system  is  unconfined  (i.e.,  it  is  in  equilibrium  with  atmospheric  pressure  and  is 
recharged  by  infiltration  from  precipitation).  Surface  water  runoff  at  MMR  is  virtually 
nonexistent  except  on  extreme  slopes,  due  to  the  highly  permeable  nature  of  the  sands 
and  gravels  underlying  the  area.  The  high  point  of  the  water  table  occurs  as  a 
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groundwater  mound  beneath  the  northern  portion  of  MMR  (Figure  1-1).  Groundwater 
flow  generally  radiates  outward  from  this  mound.  The  aquifer  is  bounded  by  the  ocean 
on  three  sides,  with  groundwater  discharging  into  Nantucket  Sound  on  the  south. 
Buzzards  Bay  on  the  west,  and  Cape  Cod  Bay  on  the  north.  The  Bass  River  in  Yarmouth 
forms  the  eastern  lateral  aquifer  boundary. 

Surface  water  is  present  on  MMR  in  a  few  of  the  drainage  swales  and  as  ponds  in  kettle 

holes  on  the  MPP.  The  kettle  hole  ponds  are  depressions  of  land  surface  below  the  water 

table.  On  a  regional  scale,  these  kettle  hole  ponds  influence  groundwater  flow  in  a 

similar  manner  to  large  aquifer  heterogeneity.  The  larger  or  deeper  the  pond,  the  greater  31 

is  the  effect  on  slope  and  direction  of  the  regional  water  table  near  the  pond.  While  ^ 

horizontal  groundwater  flow  is  dominant  in  the  aquifer  system,  vertical  flow  driven  by  <3 

piezometric  head  differences  is  important  in  areas  near  ponds. 

The  MPP  consists  of  coarse-grained  sand  and  gravel  outwash  sediments  underlain  by 
finer-grained  sediments.  The  hydraulic  conductivity  of  the  outwash  sediments  can  range 
up  to  380  ft/day  (E.C.  Jordan  1989b).  Hydraulic  conductivity  of  the  fine-grained 
sediments  is  only  2  to  10%  of  the  outwash.  Therefore,  the  bulk  of  regional  groundwater 
flow  is  transmitted  though  the  upper  outwash  unit,  with  the  horizontal  flow  velocities 
ranging  from  1  to  3.4  ft  per  day.  The  hydraulic  gradient  across  MMR  ranges  from  about 

0.0014  to  0.0018  ft/ft  (E.C.  Jordan  1989b).  J1 

r 

) 

1.6.7  Groundwater  Use  ' 

The  primary  drinking  water  supply  for  MMR  comes  from  a  groundwater  supply  well 
completed  in  glacial  outwash  (Well  J)  located  on  the  base.  The  adjacent  towns  of 
Bourne,  Falmouth,  Mashpee,  and  Sandwich  also  derive  their  drinking  water  from  wells, 
although  Falmouth  also  has  a  reservoir  for  that  purpose.  The  water  supply  wells  at  MMR 
and  the  surrounding  towns  range  between  40  and  412  ft  deep,  with  the  majority  of  wells 
extending  to  depths  of  50  to  100  ft  bgs.  In  areas  where  public  water  supply  lines  are  not 
available,  residents  use  private  wells  for  domestic  water  supplies. 

1.6.8  Ecological  Setting 

Approximately  80%  of  MMR' s  22,000  acres  is  underdeveloped  land,  which  provides  a 
natural  habitat  for  wildlife.  The  remaining  20%  of  MMR  has  been  developed  to  support 
various  military  needs.  Forested  areas  on  MMR  occur  mainly  in  the  Training  Ranges  and 
Impact  Area  (Figure  1-1),  and  are  classified  as  pine-oak  climax  forests.  The  cantonment 
and  flightline  areas  consist  of  open,  mowed  grasslands. 
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2.0   CHARACTERIZATION  OF  AREAS  OF  CONCERN  (AOCS) 

Based  upon  existing  data  and  evaluations  conducted  to  date,  the  following  AOCs  have 
been  identified  in  AO#3. 

Demolition  Area  I 

Central  Impact  Area 

Southeast  Corner  of  the  Ranges 

UXO  in  the  Training  Ranges  and  Impact  Area 

Chemical  Spill  (CS)- 19 

Characterization  is  in  progress  and  at  varying  stages  of  completion  for  the  individual 
areas.  Demolition  Area  I  has  been  the  focus  of  several  previous  investigations  and 
therefore  significant  data  are  available  to  begin  to  evaluate  the  nature  and  extent  of 
contamination.  Response  activities  are  ongoing  in  the  Central  Impact  Area  and  will 
commence  soon  for  the  Southeast  Corner  of  the  Ranges  and  UXO. 

A  brief  discussion  of  CS-19  is  included  in  this  document;  however,  this  AOC  is  being 
addressed  by  others  as  part  of  the  IRP  and  will  not  be  incorporated  into  the  FSWP  at  this 
time.  Detailed  information  pertaining  to  the  AOCs  is  provided  in  the  following 
subsections. 

AO#3  identified  COPCs  for  the  AOCs  and  affected  media  based  on  existing  data. 
Section  1.5  identifies  the  current  COPCs  for  each  AOC  and  currently  impacted  media. 
Additional  AOCs,  media  and/or  COPCs  may  be  identified  as  new  site  characterization 
data  are  collected. 

RRAs  are  being  conducted  at  areas  within  the  Training  Areas  and  Ranges  to  address 
localized  areas  of  soil  contamination  identified  in  AO#3.  RRAs  to  be  conducted  at  an 
AOC  are  indicated  below.  These  actions  are  intended  to  eliminate  current  and  potential 
sources  of  contaminants  to  the  aquifer  from  soils  and  sediments.  Residual  contamination, 
if  any,  will  be  evaluated  in  conjunction  with  other  site  characterization  data  to  determine 
COPCs  for  the  AOCs. 

2.1        Demolition  Area  I 

2.1.1     Description 


Demolition  Area  1  (Demo  1)  is  located  north  of  Forestdale  Road  and  south  of  the  Impact 
Area,  near  the  current  H  Range  at  MMR.  Demo  1  includes  a  natural  1  -acre  topographic 
depression,  or  kettle  hole,  that  is  approximately  45  feet  (ft)  below  the  surrounding  grade. 
An  access  road  surrounds  the  topographic  low  and  circumscribes  a  7.4-acre  area.  The 
bottom  of  the  topographic  low  is  a  flat,  cratered  area.  Low  areas  and  individual  craters 
remain  wet  for  most  of  the  winter  and  spring.  A  concrete  observation  bunker  was 
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constructed  on  the  north-facing  slope  of  the  south  side  of  the  topographic  low,  but  has 
since  been  removed.  Demolition  activities  appear  to  have  been  concentrated  in  the 
topographic  low,  based  on  historic  maps  and  interview  information.  According  to 
interview  information,  demolition  activities  in  the  topographic  low  did  result  in  the 
intermittent  ejection,  or  "kick  out",  of  explosives  and/or  demolition  materials  from  the 
depression  into  the  surrounding  area  (USACE,  1999). 

2.1.2     Physical  Conditions  l 

The  depth  to  groundwater  from  the  base  of  the  kettle  hole  depression  is  approximately  40  Z! 

feet  below  ground  surface  (bgs).  This  corresponds  to  an  elevation  of  70  feet  national 

geodetic  vertical  datum  (ngvd).  The  lithologic  data  for  Demo  1  suggest  increased  clay  jjj 

content  near  the  ground  surface,  which  may  contribute  to  ponding  of  surface  runoff.  The 

drilling  logs  for  these  borings  indicate  that  clay  and  sand  is  present  in  the  top  7  to  1 0  ft, 

which  then  changes  to  mostly  sand  below  10  ft.  This  is  consistent  with  the  visual 

observation  of  ponded  water  in  the  Demo  1  area  during  the  wetter  winter  months.  The 

deeper  lithologic  material  in  the  unsaturated  zone  consists  of  very  coarse  sand  and  gravel 

associated  with  topset  and  foreset  sedimentary  facies.  The  horizontal  hydraulic 

conductivity  of  these  materials  is  assumed  to  range  from  125  to  350  ft  /day  based  on 

grain  size  analysis  (Masterson  et  al.  1996).  The  ratio  of  the  horizontal  to  vertical 

hydraulic  conductivity  is  estimated  to  be  3: 1 .  The  horizontal  hydraulic  gradient  in  and  ' 

around  the  Impact  Area  ranges  from  0.0002  to  0.003  ft/ft.  Differences  in  hydraulic  head  T 

between  wells  completed  in  the  same  cluster  are  so  small  as  to  be  immeasurable.  Thus, 

vertical  gradients  in  the  aquifer  are  small  except  at  recharge  and  discharge  locations. 

Solomon  et  al.  (1995)  report  horizontal  hydraulic  gradients  of  0.004  and  vertical 

hydraulic  gradients  of  0.006. 

Pumping  or  slug  tests  were  not  performed  as  part  of  the  I  AGS,  so  estimates  of  the 
hydraulic  conductivity  of  the  aquifer  were  not  performed. 

The  saturated  zone  ranges  from  185  to  340  ft  thick.  The  surficial  material  within  the 
saturated  zone  exhibits  a  coarsening  upward  sequence  (lacustrine,  bottomset,  foreset,  and 
topset  sedimentary  facies)  consistent  with  a  glacial  depositional  environment  (Masterson 
et  al.  1996).  The  lithologic  material  varies  from  very  coarse  sand  and  gravel  at  the  top  of 
the  saturated  zone  to  silt  and  clay.  Hydraulic  conductivity  decreases  with  distance  from 
sediment  sources.  Based  upon  on  slug  and  aquifer  test  data  collected  at  MMR  and 
similar  hydrogeologic  environments  on  Cape  Cod,  the  horizontal  hydraulic  conductivity 
of  the  surficial  sediments  is  estimated  to  range  from  10  to  350  ft/day.  Horizontal 
hydraulic  conductivity  data  based  on  lithology  include:  fine  sand  and  silt  was  40  ft/day  (a 
single  aquifer  test);  fine  sand  ranged  from  125  to  160  ft/day;  fine  to  medium  sand  ranged 
from  180  to  200  ft/day;  and  fine  to  medium  sand  and  gravel  ranged  from  220  to  270 
ft/day  (Masterson  et  al.,  1996).  However,  no  specific  hydraulic  conductivity  or  porosity 
data  have  been  collected  at  Demo  1 .  A  layer  of  till  (<  5  to  20  ft  thick)  is  present  on  top  of 
bedrock.  The  hydraulic  conductivity  of  the  till  is  estimated  at  1  ft/day.  The  bedrock 
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layer  is  present  at  a  depth  of  285  to  365  ft  bgs  and  can  be  considered  an  impermeable 
layer. 

The  chemical  characteristics  of  the  groundwater  indicate  an  aerobic  system,  i.e..  the 
presence  of  oxygen  with  a  near  neutral  pH.  The  ionic  strength  of  the  groundwater  is  low. 

2.1.3  History  and  Use 

Past  use  and  historical  information  are  described  in  detail  in  the  Army  Corps  of 
Engineers"  Archive  Search  Report  (USAGE.  1999).  The  E-2  Range  was  constructed  in 
1970  at  the  area  now  known  as  Demo  1 .  Up  until  the  mid  1 970 "s.  the  E-2  Range 
functioned  as  a  rifle  squad  attack  course  at  that  location.  Ammunition  used  there 
included  .30  caliber  and  7.62mm  rounds.  From  the  mid  1970"s  to  the  late  1980"s.  the 
range  was  used  for  heavy  demolition.  Ordnance  use  during  this  period  included  C-4  (a 
mixture  of  RDX  with  a  plasticizer).  2,4,6-trinitrotoluene  (TNT),  and  other  explosive 
charges  under  40  pounds. 

The  following  description  of  demolition  activities  appears  in  the  Army  Corps  of 
Engineers'  Archive  Search  Report  (USACE,  1999). 

Demo  1  Range  was  established  in  its  current  location  between  1986  and  1989  as  a  heavy 
demolition  site.  It  was  used  primarily  for  the  training  of  explosive  ordnance  disposal 
(EOD)  personnel  and  engineer  units  and  for  the  destruction  of  various  types  of 
unexploded  ordnance.  Ordnance  used  at  Demo  1  include  explosive  charges  of  C-4,  TNT 
with  a  weight  limit  of  40  pounds,  detonation  cord,  bangalore  torpedoes,  and  claymore 
mines. 

2.1.4  Summary  of  Existing  Soil  and  Groundwater  Investigations 

The  following  is  a  chronology  of  soil  and  groundwater  investigations  performed  for 
Demolition  Area  I.  Additional  sample  collection  and  analyses  are  in  progress.  As  such, 
the  data  results  are  not  included  in  this  section:  however,  a  brief  discussion  of  these  on- 
going and  planned  activities  is  included  Section  2.1.5. 

2.1.4.1        Soil 

Demo  1  was  first  sampled  during  Phase  I  of  the  I  AGS.  The  general  scope  and  objectives 
of  the  IAGS  are  documented  in  the  Final  Action  Plan  (ETA.  1997).  However,  the  scope 
of  investigations  under  the  IAGS  increased  during  the  field  implementation  phase.  A 
Field  Sampling  Plan  for  Area  12  -  Demo  1  and  Area  13  -  Demo  2  of  the  Camp  Edwards 
IAGS  was  finalized  in  November  1 997  (Ogden.  1 997b)  and  included  six  surface  soil 
grids  and  one  boring  completed  as  a  monitoring  well  nest.  The  results  of  the  Phase  1 
IAGS  were  presented  in  the  Draft  Completion  of  Work  Report  (Ogden,  1998a). 
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Boring  19  was  installed  in  the  middle  of  the  flat  crater  area  at  the  bottom  of  Demo  1.  The 

unsaturated  zone  was  sampled  and  the  boring  was  completed  as  a  monitoring  well  nest 

with  a  water  table  (MW-19S)  and  deep  (MW-19D)  monitoring  well.  Soil  grids  12A, 

12B,  12C,  12D,  and  12E  were  located  around  the  drill  pad  for  boring  19.  These  soil  grid 

samples  were  collected  at  the  surface  (0-6  inches)  with  the  exception  of  12A  and  12D, 

which  were  collected  18  to  24  inches  bgs.  Craters  were  evident  at  these  five  soil  grid 

locations.  Grid  12F  was  added  as  a  control  grid  for  Demo  1.  Grid  12F  is  located  in  a 

moderately  vegetated  area  along  the  roadway  leading  into  Demo  1 .  Figure  2- 1  depicts  > 

sample  locations  and  the  analytical  results  for  detected  explosive  compounds. 

Six  explosive  compounds  were  detected  in  surface  soil  samples,  including  RDX,  HMX  - 

and  several  TNT  breakdown  products:  2,4-DNT,  2,6-DNT,  2A-DNT,  and  4A-DNT.  = 

RDX  was  also  detected  at  10-14  ft  bgs  in  boring  19.  In 

Twelve  metals  were  detected  at  concentrations  exceeding  Phase  I  proposed  background 

levels,  most  commonly  manganese  and  copper.  Acetone  was  detected  in  subsurface  soil 

at  grid  12B,  and  trichloroethylene  (TCE)  was  detected  in  a  duplicate  surface  soil  sample 

(but  not  in  the  original)  from  boring  19.  Semi-volatile  organic  compounds  (SVOCs) 

were  detected  in  the  surface  soil  samples  and  duplicate.  The  list  includes 

benzo(a)anthracene,  benzo(a)pyrene,  benzo(b)fluoranthene,  benzo(g,h,i,)perylene, 

benzo(k)fluoranthene,  bis(2-ethylhexyl)phthalate,  chrysene,  di-n-butylphthalate, 

fluoranthene,  ideno(l,2,3-c,d)pyrene,  N-nitrosodiphenylamine,  pentachlorophenol,  and  J*. 

pyrene.  Phenanthrene  was  also  detected  in  the  duplicate,  but  not  in  the  original  field  t 

sample.  The  pesticides/herbicides  detected  in  surface  soil  included  dieldrin,  lindane, 

heptachlor  epoxide,  hexachlorobenzene,  and  2-methyl-4-chlorophenoxyacetic  acid 

(MCPP).  All  detected  concentrations  were  very  low,  i.e.,  less  than  1  milligram  per 

kilogram  (mg/kg),  except  for  MCPP. 

The  Workplan  for  Completion  of  Phase  I  Activities  (Ogden,  1998b)  specified  additional 
soil  sampling  within  Demo  1 .  This  plan  included  the  installation  of  nine  borings  to  a 
depth  of  16  ft  with  samples  collected  on  1-ft  intervals.  If  explosives  were  detected,  then 
sampling  was  to  continue  to  the  water  table  with  samples  collected  at  2-ft  intervals.  Prior 
to  advancing  these  nine  soil  borings,  an  interim  measure  to  obtain  additional  groundwater 
samples  was  documented  in  an  Immediate  Response  Plan.  This  is  discussed  in  greater 
detail  in  Section  2.1.4.2. 

Nine  borings  (B-l  through  B-9)  were  installed  at  the  locations  shown  on  Figure  2-1.  The 
borings  were  each  advanced  using  a  down-hole  magnetometer  for  unexploded  ordnance 
(UXO)  clearance  to  a  depth  of  12  ft.  Soil  samples  were  collected  for  explosives  on  1-foot 
intervals  from  3  to  16  ft  bgs.  Based  on  the  results  from  these  samples,  four  of  these 
borings  (B-3,  B-4,  B-6,  and  B-9)  were  sampled  on  2-foot  intervals  from  16  feet  to  the 
water  table,  approximately  44  feet.  Samples  were  analyzed  for  explosive  compounds 
using  USEPA  Method  8330. 
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RDX.  11MX.  nitroglycerin  (NG).  and  several  TNT  breakdown  products:  2A-DNT,  4A- 
DNT.  and  2.4-diamino-4nitrotoluene  (2.4-DANT)  were  detected  in  samples  from  six  of 
the  nine  borings  (B-l  through  B-6)  as  shown  on  Figure  2-1 .  The  explosive  detections 
were  confirmed  with  the  photo  diode  array  (PDA)  method.  However,  the  deep  soil 
analysis  results  indicate  the  detections  of  explosives  are  sporadic,  primarily  RDX,  at 
depths  generally  less  than  16  feet  bgs  (Ogden,  2000g).  Nine  of  the  13  intervals  sampled 
below  16  feet  had  no  detectable  concentrations  of  explosives. 

The  highest  RDX  concentration,  9300  micrograms  per  kilogram  (ug/kg),  was  observed  in 
boring  B-6  at  a  depth  of  three  to  four  feet  bgs.  The  highest  HMX  concentration,  800 
ug/kg,  was  observed  in  the  same  boring  at  the  same  depth.  Boring  B-6  had  the  most 
frequent  and  deepest  RDX  detections,  extending  almost  to  the  water  table  at  36  feet  bgs. 

COPCs  identified  for  soil  at  Demo  1  in  AO#3  are  RDX;  HMX;  2,4,-DNT;  2,6,-DNT;  2A- 
DNT;  4A-DNT;  di-N-Butylphthalate;  and  N-nitrosodiphenylamine.  PRGs  that  are 
protective  of  groundwater  will  be  developed  based  on  the  fate  and  transport  modeling 
(Ogden.  1999d).  The  final  contaminants  of  concern  for  an  AOC  will  be  selected  based 
on  a  detailed  evaluation  and  screening  of  all  site  characterization  data  and  comparison  to 
the  PRGs. 

2.1.4.2        Groundwater 

One  boring  was  completed  as  a  monitoring  well  nest,  MW-19,  during  Phase  I  of  the 
IAGS.  In  addition  and  at  the  request  of  USEPA,  soil  boring  B-9  was  completed  as  a 
monitoring  well  (i.e.,  MW-73).  TNT,  HMX,  RDX,  2A-DNT,  and  4A-DNT  were 
detected  in  the  shallow  well  MW-19S  at  levels  of  10,  44,  190,  2.3,  and  4.5  ug/L, 
respectively.  The  deep  well  at  this  same  location  had  a  detectable  level  of  RDX  at  0.4 
ug/L.  Figure  2-2  depicts  compounds  detected  at  each  location. 

Based  on  the  initial  groundwater  monitoring  results,  an  Immediate  Response  Plan  was 
developed  for  Demo  1 .  The  Immediate  Response  Plan  included  additional  sampling  of 
the  MW-19  nest;  groundwater  profiling  at  MW-31  (located  750  ft  downgradient  from 
MW-19);  installation  and  sampling  of  well  nests  at  MW-3 1,  MW-32  and  MW-33 
(located  approximately  2800  ft  downgradient  from  MW-19);  and  validation  of  the  MW- 
1 9  profile  samples  using  PDA  spectra. 

Although  the  deep  well  at  MW-19  was  originally  found  to  contain  a  trace  level  of  RDX, 
subsequent  data  later  refuted  this  finding.  Three  lines  of  evidence  indicate  that  the  deeper 
aquifer  does  not  contain  RDX  at  this  location:  subsequent  groundwater  sampling;  profile 
sampling;  and  the  USGS  groundwater  model. 

The  sample  collected  from  MW-19D  in  March  1998  contained  RDX  at  0.40  ug/1. 
However,  samples  collected  from  MW-19D  on  July  17,  1998  and  February  1 1,  1999  did 
not  contain  RDX,  at  a  reporting  limit  of  0.25  ug/1.  The  validation  of  MW-19  profile 
samples  using  PDA  spectra  indicates  that  RDX  at  MW-19  is  limited  to  the  top  20  feet  of 
the  aquifer,  which  is  consistent  with  a  release  to  the  water  table  from  soil  in  the  vicinity 
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of  MW-19.  The  earlier  finding  of  RDX  in  MW-19D  is  also  inconsistent  with  the  current 
understanding  of  groundwater  movement  in  the  aquifer.  A  detailed  analysis  of 
groundwater  flow  and  contaminant  migration  is  presented  in  the  United  States  Geological 
Survey  (USGS)  report  on  particle  tracking  (Masterson  et  al.  1996). 

The  Workplan  for  Completion  of  Phase  I  (Ogden,  1 998b)  also  specified  additional 
groundwater  sampling  downgradient  from  Demo  1 .  Three  additional  monitoring  wells 
(MW-34,  MW-35,  and  MW-36)  were  installed  between  MW-32/33  and  MW-19  to  locate 
the  downgradient  extent  of  contamination.  The  placement  of  these  wells  was  based  on 
USGS-modeled  particle  tracks  from  MW-19.  Please  refer  to  Figure  2-2  for  well 
locations. 
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The  compound  TNT  exceeded  the  HA  of  2  ug/L  during  four  consecutive  events  at  a 

single  location  (MW-19S).  The  only  other  detection  of  TNT  in  groundwater  at  Camp 

Edwards  occurred  at  MW-3 1 S  (1 .2  ug/L),  which  is  also  located  750  ft  downgradient  of 

MW-19.  The  remaining  exceedances  were  associated  with  RDX.  The  explosives 

detected  in  groundwater  at  Demo  1  are  the  highest  observed  at  Camp  Edwards.  The  f0 

maximum  detected  levels  of  RDX,  HMX,  and  TNT  were  370  ug/L,  93  ug/L,  and  16  ug/L, 

respectively.  RDX  and  HMX  are  present  in  groundwater  from  MW-3 1 ,  but  were  not 

detected  at  MW-32  or  MW-33.  The  results  from  MW-34  include  RDX  and  HMX  detects 

in  the  two  upper  profile  samples  as  well  as  in  the  monitoring  well  MW-34M2  installed  at  jl 

this  depth.  No  explosives  were  detected  in  either  MW-35  or  MW-36.  Therefore,  the  Z 

maximum  downgradient  extent  of  explosives  originating  at  Demo  1  is  less  than  3,000  ft.  » 

Historical  groundwater  data  collected  over  the  last  2  years  show  little  fluctuation  in  RDX 

concentrations  detected  between  sample  events  at  MW-19  and  MW-3 1 .  Concentrations 

of  HMX  and  particularly  TNT  in  the  same  wells  have  generally  shown  a  decreasing  trend 

over  time. 

Table  1-1  presents  the  groundwater  COPCs  identified  in  AO#3  for  the  AOCs  and  the 
proposed  PRGs.  The  feasibility  of  achieving  background  concentrations  will  be  assessed 
in  the  FS.  Similar  to  soil,  the  COPCs  for  groundwater  will  be  updated  as  new  data 
warrant. 


Other  Analytes 

Two  VOC  compounds  (toluene  and  tetrachloroethene  (PCE))  were  detected  in 
groundwater  at  Demo  1.  Toluene  was  detected  once  in  1999  at  MW-34M3  (0.2J  ug/L), 
and  twice  in  1998  at  MW-19S  (0.4J  ug/L)  and  MW-19D  (2  ug/L).  The  'J'  flag  indicates 
the  concentration  is  an  estimate  based  upon  known  data  (e.g.,  when  the  mass  spectral  and 
retention  time  data  indicated  the  presence  of  a  compound  that  meets  the  volatile  and 
semivolatile  identification  criteria,  and  the  result  is  less  than  the  required  quantitation 
limit  but  greater  than  zero).  These  toluene  concentration  levels  are  well  below  the  MCL 
of  1,000  ug/L.  In  1999,  PCE  was  detected  at  MW-19S  in  February  (0.3 J  ug/L)  and 
September  (1  ug/L),  both  times  below  the  MCL  of  5  ug/L. 


Draft  FS  Work  Plan  Page  1 5  April  5,  2000 


Internal  Draft  Feasibility  Study  Work  Plan 


Antimony  was  detected  at  estimated  concentrations  ranging  from  3.8J  ug/L  to  13.8J  ug/L 
in  groundwater  collected  from  seven  wells  at  three  cluster  locations:  MW-34,  MW-35 
and  MW-36.  The  MCL  for  antimony  is  6  ug/L.  Most  of  the  antimony  detected  in  these 
wells  was  slightly  above  the  MCL  with  the  exception  of  the  duplicate  sample  for  MW- 
35M3.  As  presented  in  the  draft  Technical  Memorandum  99-5  (Ogden,  1999a)  no 
statistical  difference  between  site  groundwater  and  background  was  established  for 
antimony. 

Chloramben  was  the  only  herbicide  detected  in  the  Demo  1  well  network  in  1999 
(MW-19S  at  an  estimated  concentration  of  0.14  ug/L).  This  one  detection  is  significantly 
less  than  the  HA  for  chloramben  of  100  ug/L,  nor  was  chloramben  detected  at  MW-19S 
in  the  previous  two  rounds.  No  herbicides  were  detected  in  groundwater  samples 
collected  from  well  clusters  MW-34,  MW-35,  and  MW-36. 

No  pesticides  have  been  detected  in  any  of  the  Demo  1  monitoring  wells,  or  periphery 
monitoring  wells  during  any  sampling  event. 

None  of  the  VOCs,  metals,  or  pesticides/herbicides  have  been  identified  as  COPCs. 

2.1.5     Ongoing  and  Planned  Investigations 

In  accordance  with  the  Final  Demo  1  Response  Plan,  14  additional  surface  soil  grids  were 
proposed  and  sampled  in  December  1999  (Ogden,  1999b).  These  grids  extend  radially 
out  from  Demo  1  area  and  are  intended  to  assess  the  extent  to  which  explosive 
contaminants  may  have  been  distributed  beyond  the  kettle  hole.  The  Guard  will  also 
conduct  a  reconnaissance  of  100  percent  of  the  ground  surface  within  the  perimeter  road 
and  50  feet  outside  of  it,  to  check  for  evidence  of  C-4  or  other  bulk  explosives.  There  are 
historical  reports  of  bulk  explosives  scattered  in  this  area  as  a  result  of  demolition 
training.  If  any  bulk  explosives  are  located  in  this  area,  they  will  be  marked  and  removed 
to  a  safe  holding  area  in  accordance  with  UXO  management  procedures.  Soil  samples 
will  be  collected  at  the  former  location  of  the  bulk  explosives  at  depths  of  0-3,  3-6,  and  6- 
12  inches.  Deeper  sampling  at  these  locations  will  be  discussed  with  the  regulatory 
agencies  based  on  the  results  of  the  proposed  samples.  A  limited  reconnaissance  on  June 
15,  1999  found  evidence  of  C-4  along  the  base  of  the  kettle  hole.  Results  from  sampling 
at  the  grids  and  at  the  bulk  explosive  locations  will  be  provided  in  a  future  soil  and 
groundwater  report. 

Five  monitoring  wells  (MW-74,  75,  76,  77,  and  78)  were  recently  installed  as  part  of  the 
Response  Plan  for  Demo  1  (Ogden,  1999b),  to  determine  the  vertical  and  lateral  extent  of 
the  plume.  These  wells  are  located  approximately  1200  ft  downgradient  of  MW-19.  A 
sixth  well  MW-79  was  installed  to  evaluate  groundwater  conditions  upgradient  of  Demo 
1 .  The  monitoring  well  results  for  the  recently  installed  wells  (MW-74  through  MW-79) 
will  also  be  discussed  in  a  draft  soil  and  groundwater  report  scheduled  for  June  2000. 
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There  are  currently  no  additional  planned  groundwater  investigations  at  Demo  1,  nor 
have  any  RRAs  have  been  identified  for  Demo  1  in  AO#3. 

A  munitions  survey  of  Demo  1  is  in  progress  and  includes  a  geophysical  survey  to 
identify  potential  munitions  within  the  perimeter  road. 

2.2        Central  Impact  Area  i 

2.2.1  Description 

The  Impact  Area,  covering  approximately  2,000  acres,  contains  targets  at  which  artillery  «' 

and  mortars  were  fired  during  training  activities.  Numerous  firing  ranges,  artillery  and  Jg 

mortar  positions,  and  training  areas  surround  the  Impact  Area.  w 

2.2.2  Physical  Conditions 

Within  the  Central  Impact  Area  the  groundwater  elevation  is  typically  between  60  and  70 
feet  ngvd  and  is  found  in  the  very  coarse  sand  and  gravel  units.  The  lithology  consists  of 
a  heterogeneous  mixture  of  cobbles  to  silt  with  some  stratified  sand  and  gravel  zones. 
The  deeper  lithology  is  generally  consistent  with  the  description  provided  for  Demo  1 . 

2.2.3  History  and  Use 

For  over  50  years,  the  Impact  Area  has  received  ordnance  discharged  from  small  arms, 
guns,  hand  grenades,  artillery,  mortar,  and  ordnance  demolition.  The  U.S.  Army 
operated  the  area  until  about  1974,  when  it  was  turned  over  to  the  Army  National  Guard. 
A  brief  history  of  the  use  of  this  area  was  prepared  prior  to  the  start  of  field 
investigations,  and  is  provided  in  the  draft  Range  Use  History  Report  (Ogden,  1997c). 

2.2.4  Summary  of  Existing  Soil  and  Groundwater  Investigations 

2.2.4.1       Soil 

The  Central  Impact  Area  was  investigated  as  part  of  the  Phase  I  of  the  Impact  Area 
Groundwater  Study  (IAGS).  Although  soil  sampling  results  to  date  have  not  identified 
any  significant  soil  contamination,  a  brief  discussion  of  the  analytical  results  is  provided 
as  background  information.  No  explosives  were  detected  in  the  soil  samples  collected 
from  the  Central  Impact  Area  with  the  exception  of  pentaerythritol  tetranitrate  (PETN) 
which  was  detected  in  two  surface  soil  samples.  The  detections  of  PETN  were 
determined  to  be  false-positives  as  discussed  in  Technical  Team  Memorandum  99-6 
Evaluation  of  False-Positive  Explosive  Detections  (Ogden,  2000d). 

Inorganic  compounds  including  metals,  cyanide,  ammonia-nitrogen,  nitrate/nitrite- 
nitrogen,  and  phosphate-phosphorous  were  detected  in  all  of  the  soil  samples. 
Concentrations  exceeding  the  Phase  I  proposed  background  levels  were  detected  most 
frequently  for  manganese,  copper,  potassium,  cobalt,  chromium,  magnesium,  and 
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calcium.  Generally  there  was  no  observable  pattern  of  detections  with  respect  to 
sampling  areas. 

VOCs  were  detected  in  some  surface  soil  samples  collected  from  1.5-2  feet  bgs,  and  a 
few  from  subsurface  samples  collected  at  depths  greater  than  2  feet  bgs.  Acetone  was  the 
most  commonly  detected  compound,  accounting  for  41  percent  of  the  surface  soil 
detections  and  65  percent  of  the  subsurface  soil  detections.  Methylene  chloride,  TCE, 
and  chloroform  together  accounted  for  49  percent  of  the  surface  soil  detections  and  15 
percent  of  the  subsurface  soil  detections.  The  potential  for  occurrence  of  these 
compounds  as  laboratory  contaminants  has  been  discussed  in  the  Draft  Completion  of 
Work  Report  (Ogden,  1998a).  Generally  there  was  no  observable  pattern  of  detections 
with  respect  to  sampling  areas. 

SVOCs  were  detected  in  a  number  of  surface  soil  samples  collected  from  1.5-2  feet  bgs, 
and  several  samples  collected  at  depths  greater  than  2  feet  bgs.  Bis  (2-ethylhexyl) 
phthalate  (BEHP)  was  the  most  commonly  detected  compound,  accounting  for  1 5  percent 
of  the  surface  soil  detections  and  36  percent  of  the  subsurface  soil  detections.  The  other 
detected  SVOCs  generally  belong  to  two  classes  of  compounds:  PAHs  and  phthalates. 
The  PAHs  as  a  group  accounted  for  62  percent  of  the  surface  soil  detections  and  33 
percent  of  the  subsurface  soil  detections,  with  pyrene,  fluoranthene,  and  chrysene 
accounting  for  the  majority  of  these  detections.  The  other  phthalates  detected  aside  from 
BEHP  were  diethyl  phthalate  (five  percent  each  of  the  surface  and  subsurface  detections) 
and  di-n-butyl  phthalate  (nine  percent  of  the  surface  soil  detections  and  12  percent  of  the 
subsurface  soil  detections).  The  potential  for  occurrence  of  BEHP  as  a  laboratory 
contaminant  is  discussed  in  the  Draft  Completion  of  Work  Report  (Ogden,  1998a). 

Pesticides  and  herbicides  detected  included  4,4' -DDE  and  4,4' -DDT,  MCPA,  MCPP, 
2,4,5-T,  and  dicamba.  The  later  three  were  also  detected  in  background  samples.  Nearly 
all  compounds  detected  concentrations  were  low,  i.e.,  less  than  5  mg/kg. 

No  COPCs  have  been  identified  for  soil  at  the  Central  Impact  Area  at  this  time. 
Identification  of  COPCs  for  soil  will  be  continuously  evaluated  as  part  of  the  ongoing  and 
planned  site  characterization  activities  described  in  Section  2.2.5.  Additional  AOCs 
and/or  media  may  be  added  as  a  result  of  new  data  generated  from  investigations. 


2.2.4.2 


Groundwater 


RDX  has  been  detected  in  groundwater  monitoring  wells  in  the  vicinity  of  or 
downgradient  of  the  targets  in  the  Central  Impact  Area  at  concentrations  exceeding  HAs 
in  samples  collected  during  Phase  I  of  the  Camp  Edwards  I  AGS. 

Table  1-1  presents  the  groundwater  COPCs  identified  in  AO#3  for  the  AOCs  and  the 
proposed  PRGs.  The  feasibility  of  achieving  background  concentrations  will  be  assessed 
in  the  FS.  Similar  to  soil,  the  COPCs  for  groundwater  will  be  updated  as  new  data 
warrant. 
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RDX  has  been  identified  in  wells  that  are  located  along  three  flow  paths.  Please  refer  to 
Figure  2-3  for  well  locations  and  RDX  detections.    Flow  paths  were  developed  by  USGS 
to  help  define  the  nature  and  extent  of  contamination.  These  flow  paths  were  plotted 
using  the  three-dimensional  groundwater  flow  model  MODFLOW,  a  modular  two-  or 
three-dimensional,  finite-difference,  groundwater  flow  model.    It  was  selected  to 
simulate  groundwater  flow  at  Camp  Edwards.    MODPATH,  the  USGS  particle  tracking 
code,  was  used  to  determine  flow  path  lines  in  the  glacio-fluvial  aquifer  at  Camp 
Edwards.  MODPATH  uses  the  output  from  MODFLOW  to  compute  path  lines.  Like 
MODFLOW,  MODPATH  is  a  public-domain  flow  code,  is  well  documented,  and  is 
widely  used  throughout  the  environmental  industry.  Many  pre-and  post-MODFLOW 
processors  are  available  to  simplify  model  configuration  and  aid  in  graphing  model 


Since  the  USGS  model  isolates  and  analyzes  groundwater  contamination  into  three  well 
groups,  the  following  discussion  summarizes  groundwater  data  for  each  group.  However, 
this  format  is  not  intended  to  imply  that  three  distinct  areas  of  explosive  contamination 
are  present  or  originate  from  the  Central  Impact  Area. 

Well  Group  1 ,  the  northernmost  flow  path,  includes  well  clusters  MW-2,  MW-26,  MW- 
41,  MW-50  and  MW-59.  Due  to  its  proximity  to  the  Group  1  flow  path  at  the  MMR 
property  boundary,  the  long  range  future  water  supply  well  LRWS  95-6  was  included  in 
the  evaluation  of  distant  downgradient  contaminant  migration.  Well  Group  2,  the  central 
flow  path,  includes  well  clusters  MW-23,  MW-42,  MW-43  and  MW-44.  Well  Group  3, 
the  southernmost  flow  path,  includes  MW-1,  MW-37,  MW-38,  MW-39  and  MW-40. 

Well  Group  1 

The  MW-2  well  cluster  was  installed  during  Phase  I  of  the  I  AGS  and  is  where  explosive 
compounds  along  the  Group  1  flow  path  were  first  discovered.  The  MW-2  well  cluster 
consists  of  four  wells  completed  at  various  depths  within  the  aquifer  ranging  from  the 
water  table  to  221  feet  below  water  table  (bwt)  (which  is  approximately  70  ft  to  -151  ft 
ngvd).  The  sample  results  collected  from  wells  comprising  Group  1  revealed  six 
detections  of  RDX  and  4  detections  of  HMX  out  of  25  wells.  (Note:  well  clusters  or 
nests  are  located  at  the  five  wells  identified  in  this  group.  To  distinguish  between 
shallow,  medium  and  deep  well  samples  the  letter  S,  M,  or  D  respectively,  follow  well 
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output.  For  this  study,  the  three-dimensional  version  of  MODFLOW  was  used.  <5 

The  USGS  MODFLOW  model  for  MMR  is  discretized  using  uniformly  spaced  model 
cells  that  are  660  ft  on  a  side.  The  model  includes  144  rows  and  130  columns  as  well  as 
1 1  layers  extending  from  the  water  table  to  bedrock.  The  upper  boundary  of  the  model  is 
the  water  table  and  the  lower  boundary  is  the  contact  between  unconsolidated  glacial  Wz 

sediments  and  underlying  basal  till  and  bedrock,  which  were  assigned  as  no-flow 
boundaries.  Specified  heads  were  used  on  the  eastern  side  of  the  model  domain  for 
Mystic,  Middle,  and  Hamblin  Ponds  and  the  Marston  Mills  River.  The  north  and  south 
model  domains  are  assigned  a  combination  of  head-dependent  flux  boundaries,  constant- 
flux  boundaries,  and  no-flow  boundaries  see  Masterson  et  al  (1996)  for  additional  detail. 
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identification  numbers).  RDX  concentrations  detected  in  the  Group  1  range  from  non- 
detect  to  13  ug/L,  which  was  reported  in  MW-2M2.  HMX  concentrations  detected  in 
Group  1  range  from  non-detect  to  0.84  ug/L,  which  was  reported  in  MW-59S. 

A  groundwater  sample  was  collected  from  well  95-6  (the  original  galvanized  steel  well  at 
this  location)  in  October  1997.  It  did  not  contain  detectable  explosive  compounds.  This 
well  is  screened  between  64  and  74  feet  bwt  (-20  to  -30  ft  ngvd).  Well  95-6B  was 
sampled  in  March  1999.  Results  were  non-detect  for  explosives  in  this  screen,  which  is 
93-103  feet  bwt  (-49  to  -59  ngvd).  Other  wells  at  this  location  are  screened  at  the  water 
table  and  deeper  in  the  aquifer.  At  the  request  of  EPA,  two  of  these  wells  were  added  to 
the  Phase  I  sampling  program  in  the  fall  of  1999.  Well  95-6A,  screened  142-152  ft  bwt  (- 
98  to  -108  ngvd),  was  sampled  November  9  and  was  non-detect  for  explosives.  Well  95- 
6E(S),  screened  at  the  water  table,  was  sampled  November  16  and  was  also  non-detect 
for  explosive  compounds. 

Except  for  the  absence  of  RDX  in  the  groundwater  profiles  and  well  screens  sampled  at 
MW-41M2,  groundwater  quality  data  for  the  Group  1  wells  show  a  strong  relationship 
between  the  flow  path  and  the  distribution  of  RDX.  From  the  Group  1  well  data,  it  is 
inferred  that  groundwater  contaminants  have  been  introduced  to  groundwater  in  the 
vicinity  of  MW-26  and  the  MW-59  well  cluster,  and  have  migrated  down-gradient  along 
the  flow  path  to  at  least  the  MW-50  well  cluster.  The  extent  of  migration  beyond  MW- 
50M1  has  not  been  determined.  The  non-detect  at  the  Bourne  95-6B  screen  is  located 
approximately  280  feet  south  of  the  modeled  flow  path.  The  absence  of  detects  at  MW- 
41  is  likely  the  result  of  either  variation  in  localized  migration  paths  due  to 
inhomogeneity  in  aquifer  hydraulic  properties  in  the  vicinity  of  the  well  screen,  or  that 
the  source  was  pulsed  such  that  the  contaminants  at  MW-50  have  already  passed  through 
the  MW-41  location. 

It  is  possible  that  contaminants  have  been  introduced  to  groundwater  somewhat 
upgradient  from  MW-59.  This  possibility  would  explain  the  detections  at  MW-50  and 
MW-2  being  slightly  deeper  than  particle  track  from  MW-59.  If  true,  the  source  area 
would  be  expected  to  be  relatively  close  to  MW-59,  since  the  screen  where  contaminants 
were  sampled  extends  only  9  ft  bwt  (approximately  61  ft  ngvd). 

Wrell  Group  2 

Well  Group  2  includes  MW-23  installed  in  July/September  1997,  and  MW-42,  43  and  44, 
which  were  installed  in  the  first  quarter  of  1999.  The  sample  results  collected  from  wells 
comprising  Group  2  revealed  four  detections  of  RDX  and  no  detections  of  HMX  out  of 
28  wells  (Note:  well  clusters  or  nests  are  located  at  the  four  wells  identified  in  this  group. 
To  distinguish  between  shallow,  medium  and  deep  well  samples  the  letter  S,  M,  or  D 
respectively,  follow  well  identification  numbers).  RDX  concentrations  detected  in  the 
Group  2  range  from  non-detect  to  4.7  ug/L  as  reported  in  MW-23M1 .  HMX  was  not 
detected  at  or  above  the  laboratory  detection  limit. 
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Two  additional  well  clusters  have  been  installed  cross-gradient  to  MW-23  and  include 
MW-72S  and  the  MW-51  well  clusters.  MW-72S  is  located  445  ft  south  of  the  Group  2 
particle  track  and  MW-51  is  located  735  ft  north  of  the  Group  2  particle  track.  MW-72S 
is  a  water  table  well.  Five  well  screens  have  been  installed  at  MW-5 1  between  the  water 
table  and  129  ft  bwt.  Explosives  have  not  been  detected  in  any  of  these  monitoring  wells, 
which  have  been  sampled  once. 

Well  Group  3 

Well  Group  3  includes  MW-1  installed  in  the  last  quarter  of  1997,  and  MW-37  through  ^ 

40,  which  were  installed  in  March  and  April  of  1999.  The  sample  results  collected  from  £ 

wells  comprising  Group  3  revealed  eleven  detections  of  RDX  and  four  detections  of  jg 

HMX  out  of  26  wells.  (Note:  well  clusters  or  nests  are  located  at  the  five  wells  identified  w 

in  this  group.  To  distinguish  between  shallow,  medium  and  deep  well  samples  the  letter 
S,  M,  or  D  respectively,  follow  well  identification  numbers).  RDX  concentrations 
detected  in  the  Group  3  range  from  non-detect  to  4.6  ug/L  as  reported  in  MW-1M2. 
HMX  concentrations  detected  in  Group  3  range  from  non-detect  to  0.7  ug/L. 

The  contamination  present  at  MW-1M2  may  be  related  to  the  detection  at  MW-40M1. 

The  source  area  for  the  RDX  detections  appears  to  be  upgradient  of  the  MW-40  well 

cluster,  since  RDX  was  not  detected  in  the  MW-40S  water  table  well.  H 

The  absence  of  RDX  in  downgradient  wells  and  borings  suggests  that  the  RDX  detected  J| 

at  MW-40M1  and  MW-1M2  may  not  have  migrated  as  far  as  MW-38,  or  may  have 

dispersed  or  been  diluted  to  below  the  detection  limit.  It  does  not  appear  to  be  likely  that 

MW-38  is  located  off  of  the  flow  path  from  MW-1,  considering  the  apparent  relationship 

between  the  detections  at  MW-1S  and  MW-38M3  as  presented  in  the  Final  Phase  11(a) 

Response  Plan  for  RDX  in  Groundwater  (Ogden,  2000b). 

2.2.5     Ongoing  and  Planned  Investigations 

Additional  data  are  needed  to  define  the  lateral  extent  of  contamination  along  the  three 
flow  paths.  Dispersion  along  each  flow  path  is  likely,  but  as  yet  has  not  been  measured. 
Efforts  are  underway  to  measure  the  lateral  extent  of  groundwater  contamination  from  the 
Demo  1  area,  which  may  be  useful  for  estimating  the  lateral  spread  of  contaminants  from 
the  Impact  Area  flow  paths.  In  order  to  address  these  data  gaps,  a  Phase  11(a)  Response 
Plan  for  the  Impact  Area  (Ogden,  2000b)  was  developed  by  the  Guard  and  is  currently 
being  implemented.  The  plan  includes  the  installation  of  2 1  monitoring  wells  and  the 
collection  of  soil  and  groundwater  samples  for  analysis  of  explosive  compounds, 
inorganic  and  other  Phase  I  analytes.  Groundwater  profiling  will  be  conducted  in  all  the 
proposed  soil  borings  at  10-foot  intervals  from  the  water  table  to  the  proposed  bottom 
depths  typically  ranging  from  80  to  100  feet  bwt. 

The  Final  Phase  11(a)  Response  Plan  (Ogden,  2000b)  was  developed  based  upon  the 
groundwater  results  obtained  during  Phase  II  activities  (Ogden,  1999f).  Figure  2-3  shows 
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the  proposed  well  locations.  This  groundwater  investigation  is  expected  to  largely 
determine  the  extent  of  RDX  contamination  throughout  the  Central  Impact  Area.  Soil 
grid  data  was  collected  during  Phase  11(a)  Activities  in  an  effort  to  determine  the  source 
location.  These  data  have  only  recently  been  validated  and  will  be  evaluated  in  the  Phase 
II  Completion  of  Work  Report.  It  is  anticipated  that  additional  investigation  will  be 
required  to  determine  the  source  and  extent  of  groundwater  contamination. 

A  munitions  survey  of  the  Impact  Area  is  currently  underway  and  includes  a  geophysics 
survey  and  excavation  of  High  Use  Target  Areas  (HUTAs). 

RRAs  are  planned  for  two  sites  within  the  Central  Impact  Area.  Ethylene  dibromide 
(EDB)  contaminated  soils  will  be  excavated  from  Study  Area  2  and  explosive 
contaminated  soils  excavated  from  beneath  a  pile  of  UXO  near  the  Armored  Personnel 
Carrier  (APC)  to  the  east  of  Turpentine  Road  in  accordance  with  the  Draft  Rapid 
Response  Action  Work  Plan  (Ogden,  2000a). 

2.3        Southeast  Corner  of  the  Ranges 

The  Southeast  Corner  of  the  Ranges  is  the  least  characterized  of  the  AOCs.  Draft  work 
plans  are  currently  being  prepared  to  address  this  area  of  the  Training  Ranges.  They  will 
be  submitted  in  April  2000. 

2.3.1  Site  Description 

The  J-l,  J-2,  J-3  and  current  L  Range  have  come  to  be  identified  as  the  Southeast  Corner 
of  the  Ranges.  The  J-3  wetland  and  adjacent  private  property  located  north  of  Snake 
Pond  are  included  in  this  AOC.  Access  to  this  portion  of  the  Site  is  gained  via  Tank 
Alley  and  Greenway  Roads. 

2.3.2  Physical  Description 

This  largely  vegetated  area  is  close  to  the  top  of  the  groundwater  mound  of  the  Sagamore 
Lens.  Groundwater  flows  radially  from  this  high  point.  Groundwater  within  the 
Southeast  Corner  of  the  Ranges  is  found  in  the  very  coarse  sand  and  gravel  units.  Based 
upon  the  data  obtained  from  two  borings  advanced  in  this  area,  the  lithology  consists  of  a 
heterogeneous  mixture  of  pebbles  to  silt  with  stratified  sand  and  gravel  zones.  The 
presence  and  elevation  of  bedrock  surfaces  have  not  been  determined  during  the 
investigations  performed  in  this  area. 

2.3.3  History  and  Use 

For  over  50  years,  the  Training  Ranges  have  received  ordnance  discharged  from  small 
arms,  guns,  hand  grenades,  artillery,  mortar,  and  ordnance  demolition.  The  U.S.  Army 
operated  the  area  until  about  1 974,  when  it  was  turned  over  to  the  Army  National  Guard. 
A  brief  history  of  the  use  of  this  area  was  prepared  prior  to  the  start  of  field 
investigations,  and  is  provided  in  the  draft  Range  Use  History  Report  (Ogden,  1997c). 
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2.3.4     Summary  of  Existing  Soil  and  Groundwater  Investigations 

2.3.4.1        Soil 

Contaminants  were  detected  in  debris/soil  within  the  former  Steel  Lined  Pit  at  the  J 
Ranges  during  Phase  I  activities  and  include  the  following: 

HMX  9,300  ug/kg 

2,4-DNT  200  ug/kg 

di-n-butylphthalate  80  ug/kg  2! 

pentachlorophenol  37  ug/kg  ^ 

aluminum  24,600  mg/kg  o 

lead  616  mg/kg 

magnesium  2,720  mg/kg 

barium  1 , 1 40  mg/kg 

copper  2,350  mg/kg 

cadmium  33.3  mg/kg  ^ 

The  debris/soil  within  the  Steel  Lined  Pit  was  removed  and  placed  in  a  pile  on  plastic  and 

covered  with  additional  plastic  during  the  original  UXO  clearance.  The  soils  were 

subsequently  placed  into  55-gallon  steel  drums  by  the  MAARNG  on  March  26,  1998. 

The  soil  is  currently  stored  at  the  MW-58  drill  pad,  which  is  located  adjacent  to  the 

former  location  of  the  Steel  Lined  Pit.  The  drummed  soils  at  the  Steel  Lined  Pit  area  are  » 

being  managed  as  part  of  the  RRAs  required  by  AO#3.  The  Steel  Lined  Pit  structure  was 

removed  on  approximately  October  22,  1999  and  placed  on  the  ground  surface  to 

facilitate  the  installation  of  monitoring  well  MW-58.  The  subsequent  hole  was  covered 

with  a  polyvinyl  liner  and  clean  soil  was  placed  on  top  of  the  liner  to  fill  in  the 

depression. 

Additionally,  two  soil  borings  were  placed  adjacent  to  the  Steel  Lined  Pit  with  soil 
samples  collected  from  3  to  4,  4  to  5,  and  5  to  6  ft  bgs.  The  data  from  all  of  the  soil 
samples  do  not  indicate  elevated  metal  levels  as  compared  to  soil  cleanup  standards 
presented  in  Tables  1  and  2  of  the  Draft  Work  Plan  RRA  and  Release  Abatement 
Measure  Plan  (Ogden,  2000a).  The  data  indicate  that  the  metals  in  the  debris  in  the  pit 
have  not  migrated  to  the  soil. 

Soil  contamination  identified  at  the  steel  lined  pit  will  be  addressed  by  the  RRA. 
Otherwise,  no  COPCs  have  been  identified  for  soil  at  the  Southeast  Corner  of  the  Ranges 
at  this  time.  Identification  of  COPCs  for  soil  will  be  continuously  evaluated  as  part  of  the 
ongoing  and  planned  site  characterization  activities  discussed  in  Section  2.3.5. 
Additional  AOCs  and/or  media  may  be  added  as  a  result  of  new  data  generated  from 
investigations. 


u 
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2.3.4.2 


Groundwater 


Explosives  have  been  detected  in  wells  within  the  Southeast  Corner  of  the  Ranges  and 
close  to  the  J  Ranges.  RDX  has  been  detected  in  groundwater  monitoring  wells  in  the 
vicinity  of  the  J  Ranges  in  excess  of  USEPA's  HA  of  2  ug/L  for  RDX  as  follows: 


90 WT  0013 
90MW  0022 


5.2  ug/L 
5.4  ug/L 


HMX  has  been  detected  in  monitoring  well  MW-30S  installed  near  the  melt-pour  facility 
on  the  J-3  Range  at  12  ug/L. 

Explosives  have  been  detected  in  wells  outside  of  the  Training  Ranges  and  Impact  Area 
north  of  Snake  Pond  close  to  the  J  Ranges.  Well  90MW0022  installed  by  the  Air  Force 
Center  of  Excellence  (AFCEE)  for  monitoring  and/or  characterization  of  the  fuel  spill- 12 
(FS-12)  hydrocarbon  plume  is  located  downgradient  of  the  J  Ranges.  This  well  is  located 
on  the  south  side  of  the  groundwater  mound  and  groundwater  flows  to  the  south  in  this 
area.  The  first  time  90MW0022  was  sampled  as  part  of  the  I  AGS  was  on  January  14, 
1998,  and  no  explosive  compounds  were  detected.  However,  a  later  sample  from  January 
16,  1999  indicated  the  presence  of  RDX  at  a  concentration  of  3.8  ug/L.  A  third  sample 
collected  on  February  16,  1999  indicated  RDX  at  a  level  of  5.4  ug/L.  All  three  of  these 
sample  results  have  been  validated.  Figure  2-4  presents  the  detected  explosive 
compounds  in  groundwater  at  the  Southeast  Corner  of  the  Ranges. 

Groundwater  profiling  was  conducted  by  AFCEE  in  response  to  hydrocarbons  detected  in 
a  residential  well  near  Snake  Pond.  Split  samples  were  collected  by  Ogden  and  analyzed 
for  explosives.  Samples  from  two  of  the  drive  point  locations,  DP-8  and  DP-9,  indicated 
the  presence  of  RDX  and  HMX.  At  location  DP-8,  RDX  was  detected  in  the  depth 
interval  of  55  to  80  ft  bgs  or  approximately  22  to  -3  ft  ngvd.  The  highest  concentration 
of  RDX  was  observed  in  the  sample  from  a  depth  of  80  to  85  ft  bgs  (-3  to  -8  ft  ngvd)  and 
the  highest  HMX  level  was  in  a  sample  from  55  to  60  ft  bgs  (22  to  7  ft  ngvd).  At  location 
DP-9,  RDX  was  detected  at  a  concentration  of  4.6  ug/L  in  the  70  to  75  ft  bgs  sample 
interval.  Samples  were  also  collected  from  DP-2  and  DP-4  and  no  explosives  were 
detected  in  any  of  the  samples.  DP-2  and  DP-4  are  located  to  the  west  of  the  projected 
particle  tracks  from  90MW0022  and  DP-8/9. 

Thirty-two  existing  IRP  wells  located  in  the  FS-12  area  have  also  been  previously 
sampled  as  part  of  the  I  AGS  for  explosives.  In  addition,  15  residential  wells,  screen 
elevations  unknown,  located  downgradient  (southeast)  of  90MW0022  have  been  sampled 
and  analyzed  for  explosives.  Explosive  compounds  have  not  been  detected  in  any  of  the 
residential  wells. 

Table  1-1  presents  the  groundwater  COPCs  identified  in  AO#3  for  the  AOCs  and  the 
proposed  PRGs.  The  feasibility  of  achieving  background  concentrations  will  be  assessed 
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in  the  FS.  Similar  to  soil,  the  COPCs  for  groundwater  will  be  updated  as  new  data 
warrant. 

2.3.5     Ongoing  and  Planned  Investigations 

Additional  investigations  at  the  Southeast  Corner  of  the  Ranges  are  pending.  The  Draft 
Response  Plan  for  RDX  Detections  at  DP-8,  DP-9  and  90MW0022  (Ogden,  2000c) 
proposes  groundwater  sampling  at  specified  downgradient  well  locations.  The  purpose  of 
the  sampling  is  to  conduct  an  initial  assessment  of  groundwater  quality  and  groundwater 
flow  downgradient  of  the  J  Ranges. 

The  L  Range,  located  in  the  southeast  corner  of  the  ranges,  is  documented  as  a  high  use 

target  area  for  explosive  grenades.  The  Draft  Phase  11(b)  Workplan  (Ogden,  1 999c)  e 

proposes  additional  investigations  at  several  training  and  military  ranges  including  the  Jj| 

current  L  Range.  However,  based  upon  the  proximity  of  the  L  Range  to  the  J  Ranges,  the 

proposed  investigation  at  the  L  Range  will  be  incorporated  into  the  J-l/J-3  Ranges  Work 

Plan. 

The  draft  J-2  Range  Workplan  and  the  draft  J-l,  J-3  and  L  Ranges  Work  Plan  are  in  the 
planning  stage.  Both  plans  will  outline  the  objectives  for  initial  field  investigations  at 
each  location.  Submittal  dates  for  the  Draft  J-2  Range  Workplan  and  Draft  J-l,  J-3  and  L 
Ranges  Work  Plan  are  7  and  2 1  April  2000,  respectively. 

A  RRA  is  proposed  for  the  J-3  Wetland,  which  is  located  approximately  500  feet 
southeast  of  90MW0022.  The  limits  of  the  J-3  Wetland  have  previously  been 
established.    Excavated  soils  associated  with  both  the  J-3  Wetland  and  the  Steel  Lined 
Pit  will  be  treated  by  soil  washing  and  biotreatment  as  documented  in  the  Draft  Rapid 
Response  Action  Workplan  (Ogden,  2000a). 

2.4        Unexploded  Ordnance  (UXO) 

Camp  Edwards  has  been  used  for  weapons  training  throughout  its  history  beginning  in 
the  late  1930s  and  continuing  into  the  late  1990s.  Historical  records  and  visual  evidence 
have  revealed  that  during  this  60-year  period,  training  exercises  made  use  of  a  variety  of 
weaponry  ranging  from  small  caliber  rifles  and  machine  guns  to  105  mm  and  155  mm 
artillery  pieces. 

Evidence  of  rounds  fired  from  these  weapons  is  obvious  in  surface  and  near-surface  soils 
on  ranges  throughout  the  Impact  Area  and  in  certain  portions  of  the  surrounding  training 
areas  (Figure  1-1).  Occasional  misfires  of  live  rounds  resulting  in  detonation  failure  have 
resulted  in  intact  UXO  and  ordnance  remnants  (fragmentation)  including  artillery 
projectiles,  rockets,  mortars,  grenades,  and  mines  in  the  vicinity  of  many  past  and  present 
range  targets.  Alleged  stockpiling  and  past  ordnance  disposal  practices  within  the  Impact 
Area  have  created  other  possible  concentrations  of  UXO. 
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2.4.1      UXO  Description 

The  propellants  and  high  explosive  fillers  of  military  ordnance  comprise  mixtures  of 
explosive  and  inert  compounds  that,  in  UXO  and  as  residue  on  fragmentation,  present  a 
potential  source  of  contaminants  to  the  environment.  Intact  and  spent  pyrotechnic 
devices  used  in  combat  training  such  as  smoke  grenades  and  artillery  simulators  also 
present  a  release  potential. 

Releases  from  intact  UXO  and  pyrotechnic  devices  can  occur  through  leakage  from 
threaded  joints,  corrosion  pits,  and  as  free  product  in  situations  where  low-order 
detonations  fail  to  consume  the  entire  filler  contents  releasing  it  directly  to  the  ground 
surface.  Though  the  filler  contents  of  training  rounds  are  inert,  the  fuse  or  initiator 
components  of  these  types  of  ordnance  contain  explosive  compounds  as  well. 

Typical  chemical  constituents  of  fillers,  fuses,  propellants,  and  pyrotechnic  devices  are 
discussed  below  (excerpt  from  Draft  Chemical  Composition  of  Munitions  Report,  Ogden, 
1997d). 

2.4.1.1  Explosives 

Explosive  materials  have  the  potential  to  chemically  change  from  the  solid  state  to  large 
volumes  of  hot  gases  very  quickly.  High  Explosives  (HE)  are  materials  that  undergo 
change  at  a  rate  faster  than  the  speed  of  sound.  Examples  of  such  materials  are  TNT, 
Amatol,  and  mercury  fulminate.  Low  explosives  (LE),  such  as  black  powder,  smokeless 
powder,  and  rocket  propellant,  are  those  materials  that  undergo  the  change  at  speeds 
slower  than  the  speed  of  sound. 

The  variation  in  the  properties  of  explosives  is  put  to  use  in  armaments  (explosive 
rounds)  by  an  arrangement  known  as  the  "Explosive  Train"  -  an  arrangement  of  elements 
according  to  decreasing  sensitivity  and  increasing  potency.  The  primary  explosive 
usually  constitutes  the  initiator  (heat,  spark,  impactor,  friction)  of  the  train.  The  second 
element,  the  booster,  usually  contains  a  less  sensitive  material  that  is  a  high  explosive. 
The  third  and  final  component,  the  bursting  charge,  consists  of  a  secondary  explosive. 
Each  of  these  elements  introduces  a  unique  combination  of  chemical  constituents  to  the 
armament. 

2.4.1.2  Propellants 

Propellants  are  divided  into  the  following  categories  based  on  composition: 

•  Single-Based  Compositions  -  contain  nitrocellulose  as  the  chief  ingredient,  and  may 
contain  inorganic  nitrates,  nitro-compounds,  and  non-explosive  compounds,  such  as 
metals,  metallic  salts,  carbohydrates,  and  dyes. 

•  Double-Based  Composition  -  generally  apply  to  compositions  containing  both 
nitrocellulose  and  nitroglycerin.  Like  the  single-based  propellants,  double-based 
propellants  usually  contain  additives. 
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•  Triple-Based  Composition  -  apply  to  propellants  containing  three  explosive 
ingredients  with  nitroguanidine  as  the  primary  ingredient,  in  addition  to  components 
of  this  class  of  propellants. 

•  Mixed  Nitrate  Esters  or  Composite  Propellants  -  a  class  of  propellants  produced  by 
mixing  and  matching  the  other  three  classes  or  propellants;  all  usually  have  the  same 
components  except  for  nitroguanidine.  This  class  of  propellants  was  developed 
primarily  as  a  replacement  for  the  triple-based  propellants. 

Single-based  propellants  are  used  in  cannons,  small  arms,  and  grenades;  double-based 

compositions  are  used  in  cannons,  small  arms,  mortars,  rockets  and  jet  propulsion  units; 

and  triple-based  propellants  are  used  exclusively  in  cannon  units.  Composite  propellants  £ 

are  used  primarily  in  rocket  assemblies  and  propulsion  units.  The  choice  of  propellant  is  | 

based  on  ballistic  and  physical  requirements,  and  a  given  propellant  composition  could  be  » 

suitable  for  several  applications. 

2.4.1.3        Pyrotechnics 

Pyrotechnic  compositions  are  divided  into  the  following  categories  based  on  use: 

•  Flare  and  Signals  -  burn  to  produce  light  for  illumination.  Signals  produce  colored 
flames  that  are  used  as  semaphores. 

•  Colored  and  White  Smoke  for  signaling. 

•  Tracers  and  Fumers  -  used  as  small  smoke  producing  charges  placed  in  projectiles; 
and  used  to  track  the  flight  of  the  projectile.  Fumers  are  used  to  produce  smoke  at  the  * 
proper  time  to  fill  vacuums  created  behind  the  projectile  so  as  to  reduce  the  drag  on 
the  projectile. 

•  Incendiaries  -  produce  large  amounts  of  heat  for  the  purpose  of  causing  fires. 

•  Delays  and  Fuses  -  designed  to  burn  for  a  predetermined  time,  and  used  to  provide  an 
interval  between  ignition  and  detonation  of  an  explosive.  A  delay  is  an  explosive 
igniter  that  consists  of  an  initiator,  a  delay  column,  and  an  output  charge  and  a  fuse  is 
a  length  of  cord  made  of  flammable  material  attached  to  a  device  to  provide  the  same 
effect. 

•  Photoflash  Composition  -  a  loose  mixture  of  oxidizers  and  metallic  fuels  that,  when 
ignited,  burns  with  explosive  violence  in  a  very  short  time.  Photoflashers  are  used  for 
military  aerial  photography. 

•  Igniters  and  Initiators  -  used  to  ignite  propellants  and  initiate  detonation  of  explosive 
charges. 

Table  2-1  provides  a  detailed  list  of  typical  explosives,  propellants,  and  pyrotechnic 
compounds,  as  well  as  their  degradation  products,  historically  used  by  the  military  at 
Camp  Edwards. 

2.4.2     Physical  Conditions 

The  condition  of  UXO  observed  in  surface  and  near  surface  soils  to  date  at  Camp 
Edwards  range  from  recently  fired  rounds  that  exhibit  little  to  no  evidence  of 
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environmental  degradation,  to  heavily  corroded  ordnance  exhibiting  degradation  beyond 
the  point  at  which  a  positive  identification  can  be  made.  A  more  detailed  evaluation  of 
the  potential  and  extent  of  corrosion  is  planned  as  part  of  the  characterization  activities. 

Historically,  most  UXO  at  Camp  Edwards  has  been  discovered  at  the  surface  through 
visual  observations  made  by  range  personnel.  More  recently,  in  an  effort  to  reduce  the 
physical  hazards  of  working  in  potential  UXO  areas,  visual  observations  during  the  I  AGS 
have  been  supplemented  with  remote  sensing  surveys  using  metal  detectors  and 
magnetometers  to  provide  safer  work  environments  within  the  Impact  Area.  These 
clearance  surveys  have  shown  that  a  small  percentage  of  UXO  within  the  Impact  Area 
exists  below  ground,  obscured  from  view,  in  near  surface  soils. 

2.4.3  History  and  Use 

The  following  section  presents  a  general  history  of  each  gun  position,  mortar  position, 
and  range  where  large  caliber  ordnance  was  historically  fired.  Most  of  the  training 
ranges  used  to  fire  large  caliber  weapons  are  located  around  the  perimeter  of  the  Impact 
Area  (Figure  1-1)  targeting  on  sites  within  the  Impact  Area.  Some  of  the  earlier  ranges 
(Old  A,  Old  B,  Old  C,  and  Old  D)  were  located  beyond  the  Impact  Area  perimeter  in 
relatively  isolated  spots  south  and  west  of  the  Impact  Area.  Gun  positions  and  mortar 
positions  have  been  historically  and  recently  located  outside  the  southern,  western  and 
northern  regions  of  the  Impact  Area  and  targeted  sites  within  the  Impact  Area.  Many  of 
the  known  targets  within  the  Impact  Area  are  shown  in  Figure  1-1 . 

Table  2-2  provides  a  summary  of  former  and  current  gun  and  mortar  positions  and  Table 
2-3  lists  present  and  past  training  ranges  at  Camp  Edwards  along  with  their  respective  use 
histories  including  location,  weaponry  used,  ordnance  fired,  and  target  areas  are  also 
provided  in  the  table. 

2.4.4  Summary  of  Existing  Information 

Existing  data  on  UXO  discoveries  at  Camp  Edwards  have  been  obtained  through  UXO 
clearance  operations  performed  prior  to  field  investigation  activities  under  the  I  AGS. 
During  these  site  clearance  operations,  numerous  UXO  have  been  located  and  identified. 
Table  2-4  provides  a  summary  of  UXO  discoveries  during  Phase  I  and  to  date  during 
Phase  II  surface  clearance  activities.  Table  2-5  provides  a  summary  of  UXO  discoveries 
during  Phase  I  and  Phase  II  intrusive  clearance  activities. 

2.4.5  Ongoing  UXO  Characterization 

Efforts  are  currently  underway  to  characterize  the  nature  and  extent  of  UXO  and  its 
potential  impacts  on  soil  in  the  vicinity  of  the  HUTAs.  The  objectives  of  this 
investigation  are  to:  1)  characterize  the  distribution  and  mass  of  UXO  existing  within  the 
HUTA.  2)  determine  the  potential  release  mechanisms  and  possible  release  scenarios 
posed  by  UXO  in  the  environment,  and  3)  evaluate  the  migration  characteristics  of  UXO- 
generated  contaminants. 
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Specific  COPCs  have  not  been  identified  for  UXO  at  this  time.  Investigations  and 
evaluations  of  UXO  and  its  potential  impact  to  groundwater  are  currently  underway.  The 
activities  planned  are  described  below. 

2. 4. 5. 1  Distribution  of  UXO 

Understanding  the  distribution  of  UXO,  the  numbers,  types,  and  locations  of  UXO  within  » 

the  HUTA  is  essential  in  assessing  the  magnitude  of  the  potential  impacts  these  ordnance 

constituents  pose  to  groundwater,  and  for  providing  the  basis  for  properly  evaluating 

remedial  alternatives.  Several  document  archive  searches  and  interview  sessions  were  £■ 

conducted  early  in  the  IAGS  that  provided  a  general  understanding  of  the  nature  of  £ 

training  and  associated  activities  performed  in  the  HUTA.  The  results  are  being  used  to  w 

design  the  HUTA  UXO  investigation. 

Groundwater  monitoring  wells  M W- 1  and  M W-2  were  selected  as  representative  sites 

within  the  HUTA  where  UXO  discoveries  are  anticipated.  The  investigation  will  begin 

with  surface  reconnaissance  to  identify  surface  UXO  and  related  material.  A  geophysical 

survey  will  be  conducted  to  remotely  detect  buried  UXO  and  related  material.  UXO-type 

anomalies  detected  in  the  geophysical  surveys  will  be  excavated  for  identification, 

characterization,  and  possible  removal  depending  on  the  degree  of  danger  associated  with  _j 

moving  individual  items.  Planning  efforts  for  this  investigation  are  currently  underway  y 

by  the  Guard  utilizing  Tetra  Tech  to  perform  the  site  characterization.  5" 

2. 4. 5. 2  Release  Potential 

To  accurately  assess  the  release  potential  for  explosive  compounds  in  UXO,  it  will  be 
critical  to  understand  the  mechanisms  by  which  these  compounds  are  liberated  from 
UXO  into  the  environment.  This  assessment  will  consider  information  gathered  from 
continued  literature  searches  on  the  nature  of  metals  corrosion  in  the  environment  and  the 
associated  manner  in  which  contaminants  could  theoretically  be  released  from  UXO. 

Representative  soils  will  be  collected  from  beneath  UXO  removed  during  the  HUTA 
UXO  location  surveys.  Samples  will  be  tested  for  constituent  explosive  compounds  to 
gather  information  on  actual  contaminant  releases  from  individual  rounds.  These  results 
will  be  compared  to  the  literature  findings  to  better  characterize  the  actual  release 
processes  and  understand  UXO  contaminant  behavior  at  Camp  Edwards. 

Deeper  soil  samples  will  be  obtained  from  areas  of  known  UXO-related  contaminant 
releases  for  laboratory  testing.  The  results  of  the  data  collection  activities  will  be 
presented  in  a  UXO  site  characterization  report. 

2. 4. 5. 3  Contaminant  Migration 

In  order  to  fully  understand  how  released  compounds  pose  threats  to  groundwater,  a 
reasonable  understanding  of  specific  contaminant  behaviors  in  the  environment  is 
necessary.  An  assessment  of  the  fate  and  transport  characteristics  of  specific,  selected 
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explosive,  propellant  and  pyrotechnic  compounds  originating  from  Impact  Area  UXO 
will  be  conducted  as  part  of  the  fate  and  transport  modeling  currently  planned  for  Camp 
Edwards  (Ogden,  1999d). 

Additional  information  will  be  gathered  from  existing  literature  on  the  nature  of 
explosive  compound  behavior  in  soil  supplementing  information  currently  available  in 
the  Draft  Fate  and  Transport  of  Munitions  Report  (Ogden,  1997e).  The  results  of  HUT  A 
soil  testing  for  deeper  soils  will  be  considered  with  this  information  on  contaminant  fate 
and  transport  from  the  literature  search  and  modeling  results  to  establish  general 
migration  characteristics  within  the  Camp  Edwards  unsaturated  zone.  Data  on 
groundwater  quality  obtained  during  earlier  phases  of  the  I  AGS  downgradient  of  the 
HUTA  will  be  included  in  the  contaminant  migration  assessment. 

2. 4. 5. 4       Preliminary  Risk  Evaluation 

Based  on  findings  from  the  site  characterization  activities  described  above,  a  preliminary 
evaluation  of  the  risk  to  groundwater  will  be  performed  for  known  Camp  Edwards  UXO. 
The  evaluation  will  consider  UXO  distribution  (as  determined  from  archive  reports  and 
the  HUTA  investigation),  release  mechanisms,  and  environmental  fate  and  transport  for 
contaminants.  Ordnance  types  and  their  associated  contaminants  posing  unacceptable 
risks  to  groundwater  will  be  identified.  UXO  varieties  known  or  suspected  of  being 
present  at  Camp  Edwards  can  then  be  ranked  based  on  their  likelihood  to  impact 
groundwater  forming  the  basis  for  establishing  remedial  action  objectives  for  UXO. 

The  results  will  provide  a  benchmark  from  which  a  preliminary  evaluation  of  potential 
groundwater  impacts  can  be  determined  for  the  HUTA.  From  this  preliminary 
evaluation,  potential  UXO  of  concern  can  be  selected,  and  the  screening  of  preliminary 
remedial  action  alternatives  can  begin. 


2.5        Chemical  Spill  (CS)-19 

Groundwater  and  soil  contamination  at  CS-19  are  being  addressed  by  the  Air  Force  under 
the  IRP.  An  FS  must  be  performed  on  this  area  only  if  the  US  EPA  determines  that 
remediation  proposed  under  the  IRP  program  is  not  adequate.  Therefore,  summary 
information  is  provided  below,  but  remedial  measures  and  data  requirements  for  this  area 
are  not  included  in  the  FSWP. 

The  CS-19  site  is  a  small  area  in  the  west-central  region  of  the  Impact  Area  that  was  used 
for  the  disposal  of  munitions,  among  other  things.  RDX  has  been  detected  in 
groundwater  monitoring  wells  in  the  vicinity  or  downgradient  of  CS-19,  in  excess  of 
USEPA's  HA  of  2  ppb  for  RDX.  Contaminants  have  also  been  detected  in  surface  and 
subsurface  soils  at  CS-19.  The  soil  and  groundwater  contamination  related  to  CS-19  lie 
within  the  zone  of  contribution  for  Long  Range  Water  Supply  8,  a  potential  water  supply 
well  site  being  investigated  as  a  future  public  drinking  water  well. 
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3.0        ADDITIONAL  CHARACTERIZATION  REQUIREMENTS 

Prior  to  finalizing  the  Development  and  Initial  Screening  of  Alternatives  Report  for  each 
of  the  AOCs,  it  is  critical  to  have  identified  the  nature  and  extent  of  the  contamination 
and  developed  PRGs  for  affected  media.  The  Guard  proposes  to  overlap  the  execution 
schedules  for  FS  activities  and  characterization  to  the  extent  feasible  to  expedite  the 
selection  of  appropriate  remedial  alternatives. 

The  objective  of  this  section  is  to  summarize  the  currently  identified  additional 
characterization  requirements  for  each  AOC.  The  requirements  that  encompass  all  the 
AOCs  are  discussed  in  Section  3.1  Site- Wide  Characterization  Requirements.  AOC- 
specific  requirements  are  discussed  in  the  subsequent  sections. 

Each  AOC  is  at  a  different  stage  of  characterization  based  on  existing,  ongoing  and 
planned  investigations.  Therefore,  each  AOC  will  have  a  unique  timeline  for  completion 
of  the  necessary  characterization  activities  and  subsequent  work  components.  Each  AOC 
may  be  subdivided  into  Operable  Units  (OUs),  as  appropriate  based  on  the 
characterization  data,  to  expedite  the  selection  of  Remedial  Alternatives  for  individual 
OUs  or  AOCs. 

3.1        Site-Wide  Characterization  Requirements 

3.1.1  Fate  and  Transport  Modeling 

Fate  and  transport  modeling  is  currently  being  planned  for  Camp  Edwards  (Ogden, 
1999d).  The  modeling  is  being  conducted  as  part  of  the  site  characterization  phase  under 
the  I  AGS  Program.  The  objectives  of  the  unsaturated  and  saturated  zone  modeling  for 
Camp  Edwards  include  the  following:  1)  predict  future  directional  path,  rate  of 
movement,  and  concentrations  of  contaminants  emanating  from  Camp  Edwards,  2) 
determine  acceptable  soil  PRGs  for  contaminants  deemed  protective  of  groundwater 
quality,  3)  identify  sources  of  groundwater  contamination,  and  4)  provide  a  basis  for 
making  risk  management  decisions.  The  development  of  PRGs  will  rely  on  the  use  of  an 
unsaturated  zone  model  to  simulate  the  movement  of  contaminants  at  the  ground  surface 
to  the  water  table.  Then,  a  saturated  zone  model  will  be  used  to  predict  contaminant 
concentrations  at  the  potential  receptor  locations.  The  contaminant  concentrations 
predicted  by  the  saturated  zone  model  will  be  used  to  determine  what  contaminant  levels 
in  soils  would  likely  result  in  an  unacceptable  impact  on  groundwater. 

3.1.2  Groundwater  Sampling 

Additional  rounds  of  groundwater  data  are  required  to  characterize  the  existing 
groundwater  contamination  at  each  of  the  AOCs.  Collection  of  the  groundwater  data  is 
discussed  in  more  detail  in  Section  7.0  Long  Term  Monitoring  Plan. 
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3.2 


Demo  1 


Demo  1  is  currently  the  best-characterized  AOC.  Based  on  the  existing  data  and  ongoing 
and  planned  investigations.  Demo  1  will  be  subdivided  into  two  OUs.  A  Groundwater 
OU  and  a  Soil  OU  will  be  established  to  allow  the  soil  and  groundwater  components  to 
be  evaluated  on  separate  timelines. 

3.2.1     Groundwater  Operable  Unit 

The  existing  monitoring  well  network  associated  with  Demo  1  (Figure  2-2)  adequately 
characterizes  the  nature  and  extent  of  current  groundwater  contamination  at  the  site.  The 
current  downgradient  extent  of  the  contamination  is  defined  by  MW-32,  MW-33  and 
MW-35  that  have  not  contained  any  COPCs.  The  well  fence  that  includes  MW-74 
through  MW-78  will  define  the  width  of  the  groundwater  contamination.  This  well  fence 
has  been  installed  and  the  results  will  be  presented  in  a  draft  soil  and  groundwater  report 
to  be  submitted  on  8  June  2000.  Additional  rounds  of  groundwater  sampling  at  existing 
monitoring  wells  will  be  conducted  in  accordance  with  the  Interim  Long  Term 
Groundwater  Monitoring  Plan  (Ogden.  2000e)  and  the  Final  Response  Plan  for  Demo 
Area  1  (Ogden,  1999b). 

No  additional  groundwater  monitoring  wells  are  proposed  for  the  purpose  of  initiating 
preparation  of  the  Development  and  Initial  Screening  of  Alternative  Report.  An 
additional  well  to  the  south  of  MW-34  may  be  required  in  the  future  to  define  the  lateral 
extent  of  downgradient  groundwater  contamination.  This  decision  will  be  made  based  on 
the  analytical  results  of  groundwater  sampling  of  MW-74  through  MW-78  and  a  detailed 
evaluation  of  local  groundwater  flow  contours.  If  necessary,  this  additional  work  will  be 
proposed  in  a  work  plan  and  will  be  conducted  as  part  of  the  ongoing  I  AGS  Program. 
The  data,  if  collected,  will  be  factored  into  the  detailed  evaluation  of  remedial 
alternatives  for  this  OU. 


3.2.2     Soil  Operable  Unit 

Additional  soil  investigations  are  required  at  Demo  1  to  adequately  characterize  potential 
source  areas.  The  Final  IAGS  Technical  Team  Memorandum  99-2,  Deep  Soil  Sampling 
of  Demolition  Area  1  (Ogden,  2000g)  recommends  additional  soil  sample  locations  east 
of  the  original  sampling  locations  in  Demo  1.  A  network  of  nine  (9)  additional  soil 
borings  is  proposed  in  the  eastern  portion  of  the  depression,  surrounding  and  upgradient 
of  MW-19.  A  Field  Sampling  Plan  (FSP)  is  provided  for  these  activities  in  Section  6.2.1 
Field  Sampling  Plan. 

Upon  completion  of  these  additional  borings  it  is  anticipated  that  the  nature  and  extent  of 
the  Demo  1  Soil  OU  will  be  adequately  characterized. 
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3.3  Central  Impact  Area 

Additional  investigations  are  currently  being  conducted  according  to  the  Final  Phase  11(a) 

Response  Plan  for  Impact  Area  RDX  Detection  in  Groundwater  (Ogden,  2000b).  This 

work  includes  the  installation  and  sampling  of  several  proposed  monitoring  wells  (Figure 

2-3).  The  wells  are  aligned  in  two  fences  to  define  the  width  of  the  groundwater 

contamination  at  two  downgradient  locations  of  the  three  well  groups  associated  with  the 

USGS  modeled  particle  tracks.  l 

Additional  monitoring  wells  will  likely  be  required  to  determine  the  downgradient  extent 

of  the  groundwater  contamination.  The  need  for  this  additional  work  will  be  determined  £■ 

based  upon  the  results  of  ongoing  investigations.  If  necessary,  this  additional  work  will  5 

be  proposed  in  a  response  plan  and  will  be  conducted  as  part  of  the  ongoing  IAGS  w 

Program.  The  data,  if  collected,  will  be  factored  into  the  detailed  evaluation  of  remedial 

alternatives  for  this  OU. 

3.4  Southeast  Corner  of  the  Ranges 

As  discussed  in  Section  2.0,  work  plans  for  the  J-2  Range  and  J-l,  J-3  and  L  Ranges  are 
currently  being  prepared  to  investigate  potential  contamination  associated  with  the  past 
use  of  the  ranges.  The  need  for  additional  investigations  to  characterize  the  Southeast 
Corner  of  Ranges,  beyond  those  currently  being  planned,  can  not  be  determined  at  this 
time.  As  results  are  reported  for  the  ongoing  investigations,  the  need  for  supplemental 
investigations  to  characterize  the  nature  and  extent  of  contamination  will  be  assessed  and 
discussed  with  the  USEPA  and  Massachusetts  Department  of  Environmental  Protection 
(MADEP). 

3.5  UXO 

Other  areas  outside  of  the  HUTAs  have  historically  been  used  for  training  activities 
involving  explosive  and  pyrotechnic  ordnance.  Should  the  results  of  the  HUTA  1 
characterization  efforts  indicate  that  UXO  pose  a  threat  to  groundwater,  other  training 
areas  of  potential  concern  will  be  considered  for  UXO  investigation  based  on  historical 
activities.     Lessons  learned  during  the  HUTA  1  investigation  on  locating  UXO, 
determining  surface  and  subsurface  ordnance  distribution,  contaminant  releases 
mechanisms,  and  migration  potential  will  be  used  to  focus  the  investigation  of  other  areas 
at  Camp  Edwards. 

3.6  Preliminary  Conceptual  Site  Model 

A  conceptual  site  model  typically  includes  known  and  suspected  sources  of 
contamination,  types  of  contaminants  and  affected  media,  know  and  potential  routes  of 
migration,  and  know  or  potential  human  and  environmental  receptors.  Figure  3-1 
presents  a  simplified  site  conceptual  model  encompassing  the  known  features  of  the 
Training  Ranges  and  Impact  Area  and  showing  the  potential  sources  and  transport 
mechanisms  for  contaminants. 
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The  most  likely  source  of  contamination  at  the  Training  Ranges  and  Impact  Area  is 
explosives.  The  primary  release  mechanisms  appear  to  be  demolition  activities,  release 
of  explosives  from  UXO,  and  exploded  ordnance  residuals.  These  activities  potentially 
release  explosive  compounds  to  the  near  surface  soil.  From  the  soil  it  appears  that  the 
explosive  compounds  are  transported  through  the  unsaturated  zone  via  infiltration  and 
percolation  to  the  saturated  zone.  The  migration  pathway  to  be  considered  under  the 
SDWA  is  groundwater  flow  of  dissolved  contaminants  and  potential  ingestion  of 
contaminated  groundwater.  The  site  conceptual  model  will  be  continuously  updated  as 
data  is  generated  from  site  characterization  activities  at  the  Training  Ranges  and  Impact 
Area.  The  fate  and  transport  modeling  (Ogden,  1999d)  and  UXO  characterization 
activities  will  provide  valuable  information  to  update  the  site  conceptual  model. 
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4.0        FEASIBILITY  STUDY  PROCESS 

The  objective  of  this  section  is  to  describe  the  components  and  process  required  to 

complete  the  FS  process  for  the  AOCs.  The  FS  will  develop,  screen  and  evaluate 

remedial  alternatives  that  will  be  protective  of  human  health  and  the  environment.  The 

FS  for  the  AOCs  identified  in  AO#3  will  be  conducted  in  general  conformance  to  the 

USEPA  Guidance  for  Conducting  Remedial  Investigations  and  Feasibility  Studies  under  » 

CERCLA  (USEPA,  1988).  The  primary  objectives  of  the  FS  are  provided  in  Section  1.2. 

4.1  Feasibility  Study  Process  Overview  «' 

I 

The  FS  evaluates  remedial  alternatives  for  treatment,  disposal,  and/or  containment  of  » 

COPCs  for  the  AOCs.  After  identifying  and  characterizing  the  AOCs,  remedial  action 

objectives  (RAOs)  are  developed.  RAOs  are  site-specific,  quantitative  goals  defining  the 

extent  of  cleanup  required  to  achieve  response  objectives.  Appropriate  remedial 

technologies  are  identified  for  each  AOC  that  ensure  the  protection  of  human  health  and 

the  environment  based  on  the  remedial  action  objectives.  Each  technology  is  screened,  or 

cursorily  evaluated,  to  eliminate  the  options  that  are  obviously  infeasible.  Technologies 

that  remain  after  the  initial  screening  either  become  or  are  combined  to  be  remedial 

action  alternatives.  The  remedial  action  alternatives  are  evaluated  in  detail  to  determine  H 

their  advantages  and  disadvantages.  jt 

in 

4.2  Development  of  Remedial  Action  Objectives 

One  or  more  RAOs  are  developed  for  each  AOC.  They  specify  the  contaminants,  media 
of  interest,  exposure  pathways,  and  preliminary  remediation  goals  to  be  used  in 
developing  remediation  technologies.  They  are  also  used  as  part  of  the  criteria  for 
evaluation  of  remediation  technologies.  Preliminary  RAOs  have  been  developed  in 
Section  5.2  and  will  be  updated  in  the  Development  and  Initial  Screening  of  Alternatives 
Report. 

4.3  Development  and  Initial  Screening  of  Alternatives 

For  each  AOC,  combinations  of  technologies  are  developed  to  address  remediation 
requirements.  There  are  several  steps  to  this  process: 

1 .  Develop  general  response  actions  that  will  satisfy  remedial  action  objectives  for  each 
medium  of  interest  in  each  AOC.  These  include  broad  categories  such  as  treatment, 
containment,  excavation,  extraction,  disposal,  or  some  combination  of  these. 
Response  actions  are  generally  medium-specific. 

2.  Define  the  volumes  or  areas  of  the  AOCs  that  apply  to  each  given  response  action. 
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3.  Identify  remediation  technologies,  including  innovative  ones,  and  determine  to  what 
extent  each  technology  may  satisfy  the  applicable  remediation  goals  and  objectives. 

4.  Screen  the  technologies  to  eliminate  those  that  cannot  be  implemented  technically  at 
the  AOCs.  For  each  technology,  different  process  options  for  implementing  the 
technology  are  identified  and  evaluated.  One  process  that  best  meets  the  criteria  for 
technical  implementability  may  be  selected  for  each  technology  for  the  purposes  of 
the  FS. 

5.  Evaluate  each  technology  in  terms  of  its  effectiveness,  implementability,  and  relative 
cost.  The  technology  is  then  eliminated  or  retained  for  further  consideration. 

6.  Combine  the  technologies  into  alternatives  that  represent  a  range  of  treatment, 
containment,  and/or  disposal  options  for  the  remedial  action  goals  for  each  AOC. 
The  alternatives  developed  for  each  AOC  will  include,  per  AO#3: 

a.  An  alternative  that  reduces  the  COPC  concentrations  to  background  conditions 
to  the  extent  technically  practicable. 

b.  An  alternative  that  reduces  the  contaminant  concentrations  to  levels  that  meet  or 
exceed  all  MCLs,  HAs,  DWELS,  and  an  unacceptable  excess  lifetime  cancer 
risk. 

c.  A  no  action  alternative  to  serve  as  a  baseline  for  alternative  comparisons. 

d.  For  source  control  actions,  a  range  of  alternatives  in  which  treatment  that 
reduces  the  toxicity,  mobility,  or  volume  of  the  contaminants  is  a  principal 
element.  As  appropriate,  this  range  will  include  an  alternative  that  removes 
contaminants  to  the  maximum  extent  feasible,  eliminating  or  minimizing,  to  the 
degree  possible,  the  need  for  long-term  management.  This  range  will  include 
other  alternatives  that  will  treat  the  principal  threats  posed  by  the  AOC  but  vary 
in  the  degree  of  treatment  employed. 

e.  For  groundwater  remedial  actions,  remedial  alternatives  that  attain  PRGs  within 
different  restoration  time  periods  will  be  developed,  including  innovative 
technologies.  The  alternatives  will  utilize  one  or  more  different  technologies 
that  offer  the  potential  for  comparable  or  superior  performance  or 
implementability;  fewer  or  lesser  adverse  impacts;  or  lower  costs  for  similar 
levels  of  performance. 

f.  For  UXO  remedial  alternatives,  technologies  that  remove  UXO  from 
environment  while  minimizing  any  release  of  contaminants  to  soil  and 
groundwater  will  be  developed. 
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7.  Identify  and  evaluate  appropriate  handling,  treatment  and  final  disposal  of  all 
treatment  residuals. 

8.  Conduct  an  initial  screening  of  alternatives  that  considers  the  short  and  long  term 
aspects  of  the  following  three  criteria: 

a.  Effectiveness.  This  criterion  focuses  on  the  degree  that  an  alternative  restores 
and  protects  the  sole  source  aquifer  underlying  the  Training  Ranges  and  Impact 
Area  as  a  future  water  supply;  reduces  toxicity,  mobility,  or  volume  through 
treatment;  minimizes  residual  risks  and  affords  long-term  protection;  complies 
with  Regulations,  and  minimizes  short-term  impacts.  It  also  focuses  on  how 
quickly  the  alternative  achieves  the  PRGs; 

b.  Implementability.  This  criterion  focuses  on  the  technical  feasibility  and 
availability  of  the  technologies  that  each  alternative  would  employ  and  the 
administrative  feasibility  of  implementing  the  alternative; 

c.  Cost.  The  costs  of  construction  and  any  long-term  costs  to  operate  and  maintain 
the  alternatives  will  be  evaluated. 

This  information  is  documented  in  the  Development  and  Initial  Screening  of  Alternatives  H 

Report.  This  report  will  contain  tables  that  screen  the  alternatives  and  provide  an  S 

evaluation  and  analysis  of  the  factors  described  above.  Justification  will  be  provided  for  w 

deleting,  refining  or  adding  alternatives.  Site  characterization  information  will  be 
summarized  in  the  report  and  graphical  presentations  of  the  extent  of  contamination  will 
be  utilized  to  the  extent  practicable. 

4.4  Post-Screening  Investigations 

Some  alternatives,  particularly  those  involving  innovative  technologies,  may  require 
additional  field  and/or  laboratory  investigations  to  obtain  data  needed  to  complete  a 
detailed  analysis.  Potential  post-screening  investigations  include  supplemental  literature 
and  vendor  searches,  bench  and/or  pilot  scale  treatability  studies,  and  collection  of  field 
data  required  to  characterize  an  AOC. 

The  need  for  post-screening  investigations  will  be  determined  based  on  the  retained 
alternatives  described  in  the  Development  and  Initial  Screening  of  Alternatives  Report 
and  an  evaluation  of  the  data  needs  to  complete  the  detailed  analysis.  If  post-screening 
investigations  are  required,  a  Post-Screening  Investigations  Work  Plan  will  be  developed 
that  delineates  the  objectives,  procedures  and  methods  of  the  investigations.  The  results 
of  any  post-screening  investigations  will  be  reported  in  the  FS  or  a  separate  Post- 
Screening  Investigation  Report. 

4.5  Detailed  Analysis  of  Alternatives 

The  detailed  analysis  of  alternatives  will  consist  of  the  following  components: 
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•  further  definition  of  each  alternative  with  respect  to  the  volumes  or  areas  of 
contaminated  media  to  be  addressed,  the  technologies  to  be  used,  and  any 
performance  requirements  associated  with  those  technologies; 

•  a  process  scheme  for  each  alternative  that  describes  how  each  process  stream, 
waste  stream,  emission  residual,  or  treatment  product  shall  be  handled,  treated 
and/or  disposed; 

•  an  assessment  and  a  summary  profile  of  each  alternative  against  the  nine 
evaluation  criteria  described  below 

•  a  comparative  analysis  among  the  alternatives  to  assess  the  relative  performance 
of  each  alternative  with  respect  to  each  evaluation  criterion. 

The  remedial  alternatives  retained  after  the  initial  screening  are  then  analyzed  in  detail 
with  respect  to  evaluation  criteria.  These  criteria  include: 

1 .  Overall  protection  of  human  health  and  the  environment  defined  for  each  AOC 
within  this  project  through  the  remediation  goals  and  objectives. 

2.  Compliance  with  the  applicable  or  relevant  and  appropriate  requirements  (ARARs) 
of  state  and  federal  environmental  laws,  including  chemical-specific,  location- 
specific,  and  action-specific  ARARs. 

3.  Long-term  effectiveness  and  permanence,  considering  the  magnitude  of  risks 
remaining  after  completion  of  the  RA;  the  type,  degree,  and  duration  of  post- 
remediation  care  required;  the  potential  for  exposure  of  human  and  environmental 
receptors  to  regulated  substances  remaining  at  the  site;  the  long-term  reliability  of  any 
engineering  and  voluntary  institutional  controls;  the  potential  need  for  repair, 
maintenance,  or  replacement  of  components  of  the  remedy;  and  the  time  required  to 
achieve  cleanup  standards. 

4.  Reduction  of  toxicity,  mobility,  and  volume  through  treatment,  including  the  amount 
of  regulated  substances  that  will  be  removed,  contained,  treated,  or  destroyed;  the 
degree  of  expected  reduction;  the  degree  to  which  the  treatment  is  irreversible;  and 
the  type,  quantity,  toxicity,  and  mobility  of  regulated  substances  remaining  after 
implementation  of  the  remedy. 

5.  Short-term  effectiveness,  including  an  evaluation  of  the  short-term  risks  that  may  be 
posed  to  the  community,  workers  or  the  environment  during  implementation  of  the 
remedy,  the  amount  of  time  until  remedial  response  objectives  are  achieved,  and  the 
effectiveness  and  reliability  of  protective  measures  to  address  short-term  risks. 
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6.  Implementability,  considering  commercially  available  remedial  measures  that  are  the 
best  available  demonstrated  technology,  degree  of  difficulty  associated  with 
constructing  the  remedy,  expected  operational  reliability,  ability  to  monitor 
effectiveness  of  the  technology,  available  capacity  and  location  of  needed  treatment, 
availability  of  storage  and  disposal  services  for  wastes,  time  to  initiate  remedial 
actions,  coordination  between  various  groups  required  to  implement  the  technology, 

and  approvals  necessary  to  implement  the  remedial  efforts.  , 

7.  Cost,  including  the  direct  and  indirect  capital  costs,  operation  and  maintenance  costs, 
the  net  present  value  of  those  costs,  and  the  total  costs  and  effectiveness  of  the 
system.  A  cost-sensitivity  analysis  may  also  be  evaluated,  including  such  factors  as 
the  effective  life  of  the  RA,  operation  and  maintenance  costs,  volume  of  material  to 
be  treated,  system  design  parameters,  and  the  discount  rate. 

8.  State  acceptance,  including  an  evaluation  of  technical  and  administrative  issues  and 
concerns  the  state  may  have  with  each  alternative.  This  criterion  is  normally 

addressed  once  comments  on  the  FS  have  been  received.  ^ 

9.  Community  acceptance,  including  an  evaluation  of  issues  and  concerns  the  public 
may  have  with  each  alternative.  This  criterion  is  evaluated  after  the  public  comment 

period.  H 

The  results  of  this  evaluation  will  be  documented  in  the  Draft  FS  Report.  The  report  will  w 

include  graphical  presentations  that  allow  for  comparisons  of  multiple  alternatives  at 
various  costs,  completion  times  and  clean-up  levels. 

4.5        Remedial  Alternative  Selection  Process 

After  USEPA  approval  of  a  Draft  FS  for  an  AOC,  a  Remedy  Selection  Plan  will  be 
developed.  The  Remedy  Selection  Plan  will  summarize  the  characterization  data  and 
detailed  analysis  of  alternatives  and  identify  the  proposed  Remedial  Alternative  that 
provides  the  best  balance  of  the  evaluation  criteria  for  the  AOC  or  OU.  The  selection  of 
the  proposed  remedy  will  be  reached  through  a  collaborative  process  among  the  Guard, 
USEPA,  MADEP  and  the  public  that  takes  place  throughout  the  site  characterization  and 
FS  process  via  review  of  documents,  public  and  technical  meetings,  and  other  means  of 
communication  such  as  fact  sheets  and  poster  board  sessions. 

AO#3  does  not  require  preparation  of  a  Remedy  Selection  Plan.  However,  it  is  included 
in  the  remediation  process  to  facilitate  public  participation  in  the  remedy  selection 
process.  After  approval  of  the  Remedy  Selection  Plan  by  the  USEPA  and  MADEP,  the 
plan  will  be  submitted  for  public  comment.  Upon  incorporation  of  public  comments,  the 
selected  Remedial  Alternative  will  be  described  in  a  final  Decision  Document  that  details 
the  specific  components  and  performance  objectives  of  the  remedy. 
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5.0        POTENTIAL  REMEDIAL  TECHNOLOGIES 


This  section  identifies  preliminary  RAOs  and  a  preliminary  list  of  potential  remedial 
technologies  that  may  be  applicable  to  soil  and  groundwater  contamination  currently 
identified  at  the  Training  Range  and  Impact  Area.  Preliminary  technologies  for 
remediation  of  UXO  are  also  identified.  The  initial  list  of  technologies  may  change  as 
new  site  characterization  data  is  generated.  This  section  also  identifies  data  that  would 
likely  be  required  to  complete  a  detailed  evaluation  of  the  technologies.  The  technologies 
will  be  screened  and  assembled  into  alternatives  as  part  of  the  Development  and  Initial 
Screening  of  Alternatives  Report. 


5.1        Preliminary  Remedial  Response  Objectives 

AO#3  identified  several  preliminary  objectives  for  the  development  and  screening  of 
alternatives.  Remedial  alternatives  will  be  developed  that: 

1 .  Provide  an  appropriate  level  of  protection  to  the  aquifer  underlying  the  AOCs. 

2.  Protect  human  health  and  the  environment  by  recycling  waste  or  by, 
eliminating,  reducing,  and/or  controlling  risks  to  human  health  and  the 
environment  posed  through  each  pathway  at  the  Area  of  Concern. 

3.  Consider  the  long-term  uncertainties  associated  with  land  disposal. 

4.  Consider  the  goals,  objectives,  and  requirements  of  the  Solid  Waste  Disposal 
Act. 

5.  Consider  the  persistence,  toxicity,  mobility,  and  propensity  to  bioaccumulate 
of  the  contaminants. 

6.  Consider  the  short  and  long  term  potential  for  human  exposure. 

7.  Consider  the  potential  threat  to  human  health  and  the  environment  if  the 
remedial  alternative  proposed  was  to  fail. 

8.  Consider  the  threat  to  human  health  and  the  environment  associated  with  the 
excavation,  transportation,  and  disposal  or  containment  of  contaminated 
substances  and/or  media. 


5.2        Remedial  Action  Objectives 


Preliminary  RAOs  for  soil,  groundwater  and  UXO  have  been  developed  for  the  Training 
Ranges  and  Impact  Area.  RAOs  specify  the  contaminants  of  concern,  media  of  interest, 
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exposure  pathways,  and  preliminary  remediation  goals  to  be  used  in  developing 
remediation  technologies.  The  RAOs  for  soil  and  groundwater  are  generic  for  all  AOCs 
at  this  time.  AOC  specific  and  more  detailed  RAOs  will  be  developed  as  additional  site 
characterization  data  is  collected  and  site-specific  preliminary  remediation  goals  are 
calculated. 

The  preliminary  RAOs  for  soil,  groundwater  and  UXO  are  presented  below. 

Soil  Prevent  migration  of  explosive  compounds  from  soils  that  would 

result  in  groundwater  contamination  in  excess  of  background  levels 


Groundwater         Prevent  ingestion  of  water  containing  explosive  compounds  in  excess 
of  background  levels  (to  the  extent  technically  practicable),  MCLs, 
HAs,  DWELs,  and/or  an  unacceptable  excess  lifetime  cancer  risk. 

UXO  Prevent  migration  of  explosive  compounds  from  UXO  that  would 

result  in  groundwater  contamination  in  excess  of  background  levels 
(to  the  extent  technically  practicable),  MCLs,  HAs,  DWELs,  and/or 
an  unacceptable  excess  lifetime  cancer  risk. 


5.3        Identification  of  Potential  Remedial  Technologies 

The  Final  Evaluation  of  Remediation  Technologies  for  Demolition  Area  1  (Ogden, 
2000h)  evaluated  remedial  technologies  to  address  explosive  contaminants  present  in  soil 
and  groundwater  at  Camp  Edwards.  This  report  described  a  preliminary  evaluation  of 
potentially  applicable  remediation  technologies  based  on  COPCs  identified  at  Demo  1. 
The  list  of  COPCs  for  each  AOC  will  be  updated  as  the  characterization  phase  is 
completed  for  each  AOC.  Since  explosives  are  the  primary  contaminants  detected  at  all 
AOCs  the  soil  and  groundwater  remedial  technologies  identified  below  represent  all 
AOCs  based  on  the  current  data. 

The  focus  of  this  evaluation  is  on  preliminary  identification  and  screening  of 
technologies.  It  should  be  recognized  that  many  of  the  potential  technologies  could  be 
combined  to  reduce  cost  or  increase  overall  effectiveness.  Assembling  technologies  into 
alternatives  will  be  completed  as  part  of  the  Development  and  Initial  Screening  of 
Alternative  Report  for  each  AOC  or  OU. 

The  approach  used  to  identify  applicable  technologies  for  explosive  remediation  was  to 
first  consider  all  technologies  available,  including  innovative  technologies.  The  next  step 
was  then  to  determine  which  technologies  could  remediate  explosive  compounds.  During 
this  stage  a  large  number  of  technology  categories  were  determined  not  suitable  for 
explosives  remediation,  such  as  thermal,  vapor,  surfactant,  and  co-solvent  methods  for 
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groundwater,  and  vapor  technologies  for  soil.  Specific  examples  of  the  vapor  phase 
technologies  not  suitable  for  explosives  remediation  include;  Bioslurping,  Dynamic 
Underground  Stripping  (DUS),  and  UVB  systems  for  groundwater  and  soil  vapor 
extraction  (SVE),  Six-Phase  Heating,  and  Steam  Stripping  for  soil. 

Potential  technologies  for  remediation  of  soil  and  groundwater  are  identified  Tables  5-1 
and  5-2  respectively.  Each  of  the  technologies  for  soil  (Section  5.4)  and  groundwater 
(Section  5.5)  are  discussed  in  the  following  sections.  The  Final  Evaluation  of 
Remediation  Technologies  for  Demolition  Area  1  (Ogden,  2000h)  also  evaluated  each  of 
the  technologies  against  the  following  seven  criteria;  1)  overall  protection  of  human 
health  and  the  environment,  2)  compliance  with  applicable  or  relevant  and  appropriate 
requirements  (ARARs)  3)  long-term  effectiveness  and  performance,  4)  reduction  of 
toxicity,  mobility,  or  volume  through  treatment,  5)  short-term  effectiveness,  6) 
implementability,  and  7)  cost.  This  type  of  detailed  evaluation  will  be  revisited  in  the  FS 
once  the  technologies  are  assembled  into  alternatives  in  the  Development  and  Initial 
Screening  of  Alternatives  Report  for  each  AOC. 


5.4 


Potential  Soil  Remedial  Technologies 


As  discussed  in  Section  2,  soil  remediation  is  currently  being  considered  only  at  Demo  1 
under  this  FS  WP.  RRAs  are  being  conducted  to  address  soil  contamination  at  several 
locations  within  the  Training  Ranges  and  Impact  Area  (Ogden.  2000a).  The  appropriate 
alternative  for  soil  remediation  is  dependent  upon  the  depth  and  distribution  of 
contaminants  and  the  soil  PRGs.  Each  potential  soil  remedial  technology  is  discussed  in 
detail  in  the  following  sections. 


5.4.1     No-Action 

The  No  Action  alternative  provides  a  baseline  to  which  other  alternatives  are  compared. 
Under  this  alternative,  no  action  would  be  taken  to  implement  remedial  activities  to 
control  migration  of  COPCs  away  from  the  AOCs. 


5.4.2     Excavation  and  Disposal  or  Treatment 

There  are  at  least  six  variations  of  this  technology.  One  method  is  the  off-site  disposal  of 
contaminants  at  a  landfill.  The  other  five  scenarios  involve  on-site  treatment  such  as 
Composting,  Biotreatment,  White  Rot  Fungus,  Incineration,  or  Thermal  Desorption.  The 
depth  of  soil  needing  to  be  removed  largely  controls  the  feasibility  and  excavation  costs. 
If  the  contamination  is  limited  to  the  surface  soil,  excavation  can  be  a  relatively  low-cost 
remedial  alternative.  Excavation  can  require  extensive  soil  management  and  site 
restoration.  Most  large-scale  environmental  engineering  firms  have  experience  with  this 
technology. 
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5. 4. 2. 1  Landfill  Disposal 

On  Site  Landfill  Disposal 

Excavation  with  on-site  disposal  consists  of  excavation  of  the  contaminated  soil  and 

transport  to  an  on-site  landfill  for  disposal.  However,  the  existing  on-site  disposal  facility 

at  MMR,  LF-1,  has  been  closed.  There  is  no  other  open  on-site  disposal  facility  at  MMR.  » 

Off  Site  Landfill  Disposal 

Excavation  with  off-site  disposal  consists  of  excavation  of  the  contaminated  soil  and  c 

transport  off-site  to  a  landfill  disposal  site.  This  is  proven  technology  but  disposal  costs  jo 

are  high  if  the  soil  is  deemed  a  hazardous  waste  and  it  does  not  reduce  the  toxicity  or 
volume  of  the  contaminated  materials. 

5.4.2.2  Composting 

Excavation  and  treatment  with  composting  consists  of  excavation  of  the  soil  and 
placement  into  bio-piles.  There  are  four  composting  methods;  static-pile,  in-vessel  static- 
pile,  mechanically  agitated  in-vessel,  and  windrow.  In  static-pile  composting  the 

excavated  soil  is  placed  in  a  pile  under  a  protective  shelter  and  mixed  with  a  readily  H 

degradable  carbon  source.  The  pile  is  aerated  to  maintain  aerobic  and  thermophilic  2 

conditions  using  forced  air.  Bulking  agents  such  as  sawdust,  straw,  bark,  and  wood  {J 

chips,  and  organic  amendments  such  as  animal  manure  or  vegetable  processing  waste  are 
sometimes  added.  In-vessel  static-pile  composting  is  similar  to  static  pile  composting 
except  the  bio-pile  is  placed  in  a  closed  vessel.  In  a  mechanically  agitated  in-vessel 
composting  system,  excavated  soil  is  aerated  and  mixed  with  a  carbon  source  in  a 
mechanical  composter.  Windrow  composting  is  similar  to  static-pile  composting,  except 
the  compost  is  aerated  mechanically  rather  than  forced  air.  The  composting  process  has 
been  proven  for  TNT,  DNT,  RDX  ,  HMX,  and  tetryl  and  is  a  well  accepted  method  for 
explosives  treatment  of  soil  (USEPA,  1998;  Preston,  1998;  Craig  and  Sisk,  1994). 
Composting  has  been  in  use  for  over  1 5  years  for  the  treatment  of  explosive  contaminated 
soils.  Drawbacks  to  the  technology  include:  a  30  percent  increase  in  treatment  volume 
due  to  the  use  of  bulking  agents,  a  requirement  for  a  large  surface  area  in  terms  of 
managing  the  bio-piles,  and  relatively  long  treatment  times  (months,  especially  in  cold 
climates)  (USEPA,  1998;  Preston,  1998;  Craig  and  Sisk,  1994).  The  advantages  of 
composting  include  the  binding  of  degradation  products  to  humic  material  and  general 
low  cost  as  compared  to  other  technologies. 

Treatability  studies  would  be  necessary  to  identify  local  materials  that  could  be  used  for 
amendments  for  composting.  Recent  work  at  the  Iowa  Army  Ammunition  Plant  (AAP) 
suggests  that  a  mixture  of  pig  manure  (40%),  cornstalk  (40%),  and  soil  (20%)  was 
successful  in  remediating  RDX,  HMX,  and  TNT  (Preston  et  al.  1998).  TNT 
concentration  reductions  were  47%,  HMX  77%,  and  RDX  98.7%.  The  initial  starting 
explosive  levels  were  on  the  order  of  100  mg/kg.  In  comparison,  the  current  maximum 


Draft  FS  Work  Plan  Page  43  April  5,  2000 


Internal  Draft  Feasibility  Study  Work  Plan 


■  ■  ■ 


reported  concentration  of  explosives  in  soil  at  Demolition  1  is  9.3  mg/kg  of  RDX.  The 
study  at  the  Iowa  AAP  evaluated  mixtures  of  local  materials  due  to  the  cost  of  using 
sawdust.  Studies  were  also  performed  at  the  Louisiana  AAP  which  found  windrow 
composting  to  be  the  most  cost  effective  composting  method  (USEPA,  1993). 
Treatability  studies  have  also  been  conducted  at  the  Umatilla  Army  Depot  in  Hermiston, 
Oregon  and  the  U.  S.  Naval  Submarine  Base  in  Bangor,  Washington  (Craig  and  Sisk, 
1994).  Both  treatability  tests  were  successful  and  the  composting  technology  was 
selected  as  the  remedy  of  choice  in  the  Record  of  Decision  (ROD)  for  both  sites. 
Estimates  of  treatment  costs  for  composting  have  ranged  from  $206  to  $766/ton  (Craig  et 
al.  1997).  Most  large-scale  environmental  engineering  firms  have  experience  with  this 
technology. 

5. 4. 2. 3  Biotreatment 

The  technology  consists  of  excavation  of  the  soil,  addition  of  water  and  nutrients,  and 
placement  in  an  ex-situ  bioreactor,  which  can  either  be  a  closed  vessel  or  lagoon.  This 
technology  has  been  proposed  to  remediate  soils  generated  as  part  of  the  Rapid  Response 
Actions  being  conducted  under  AO#3.  The  technology  is  often  referred  to  as  bioslurry. 
This  technology  allows  good  process  control  but  a  drawback  is  the  potential  production 
of  degradation  products  that  are  more  toxic  than  the  starting  material.  Although  these 
same  degradation  products  are  formed  during  composting  they  become  bound  with  the 
humic  material  and  become  non-bioavailable.  A  full-scale  test  of  this  process  has  been 
conducted  at  the  Joliet  AAP  (USEPA,  1993)  and  at  the  Weldon  Spring  Ordnance  Works 
site  (Simplot,  1998).  The  Joliet  AAP  study  used  an  aerobic  bioslurry  which  resulted  in 
99  percent  removal  of  TNT,  HMX,  and  RDX.  TNT  removal  rates  at  the  Weldon  Spring 
Ordnance  Works  site  using  the  SABREO  process  were  99.4  percent  (Simplot,  1998). 
The  initial  TNT  levels  were  in  the  10-100  ppm  range.  An  anaerobic  bioslurry  test  is 
being  conducted  at  the  Iowa  AAP.  Drawbacks  to  the  bioslurry  system  are  the  high 
capital  and  operational  and  maintenance  costs  as  compared  to  composting,  landfarming, 
or  treatment  with  White  Rot  Fungus  (Craig  et  al.  1997).  Most  large-scale  environmental 
engineering  firms  will  have  experience  with  this  technology. 

5. 4. 2. 4  White  Rot  Fungus 

The  technology  consists  of  excavation  of  the  soil  and  placement  in  a  pile.  White  Rot 
Fungus  is  then  mixed  with  soil,  nutrients,  and  bulking  agents.  Degradation  of  TNT  with 
White  Rot  Fungus  has  been  reported  (Fernando  et  al.  1990  and  Berry  and  Boyd,  1985). 
A  pilot  scale  test  was  conducted  at  the  Naval  Submarine  Base  in  Bangor,  Washington  and 
resulted  in  a  41  percent  reduction  of  TNT  levels.  No  reference  was  found  for  the 
application  of  the  technology  to  the  contaminants  RDX,  HMX,  or  DNT.    Although  the 
approach  has  been  around  for  about  ten  years  its  application  has  been  limited  and  as  a 
consequence  only  a  few  environmental  engineering  firms  have  the  expertise  for  this 
technology.  Extensive  bench  and  pilot  scale  work  would  be  necessary  prior  to 
implementing  this  technology  at  Camp  Edwards. 
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5.4.3     In  Situ  Treatment 


5. 4. 3. 1  Land/arming 

Landfarming  consists  of  placing  the  soil  in  lined  treatment  plots  of  12  to  18  inches  deep 
that  are  then  rototilled  to  mix  nutrients,  moisture  and  bacteria.  The  difference  between 
landfarming  and  composting  is  the  soil  is  not  transported  far  from  its  source,  it  is  not 
enclosed  in  a  building,  and  a  carbon  source  is  not  generally  added.  Landfarming  is 
relatively  inexpensive  and  simple  to  implement  as  compared  to  other  biotechnologies. 
One  drawback  to  landfarming  is  the  large  area  needed  for  treatment.  It  is  unclear  how 
effective  landfarming  is  for  soils  containing  explosives.  Bench  and/or  pilot  scale 
treatability  studies  would  likely  be  required  to  implement  this  technology.  Most  large- 
scale  environmental  engineering  firms  have  experience  with  this  technology. 

5.4.3.2  In-Situ  Vitrification 

In  situ  vitrification  (ISV)  consists  of  heating  the  soil  to  a  sufficient  temperature  so  that  it 
is  turned  into  glass,  rendering  the  contaminants  immobile.  Electrical  current  is 
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5. 4. 2. 5  Incineration 

This  technology  involves  excavation  of  the  soil  and  then  incineration  either  on-site  or  off- 
site.  Three  types  of  incineration  devices  have  been  used  by  the  Army  and  include;  rotary 
kiln  incinerator,  deactivation  furnace,  and  contaminated  waste  processor.  Rotary  kiln 
incineration  has  been  employed  at  the  Cornhusker  AAP,  Louisiana  AAP,  Savanna  Army 
Depot,  and  Alabama  AAP.  The  explosive  contaminants  incinerated  includes  RDX,  TNT, 
HMX,  1,2,3-TNB,  1,3-DNB,  2,4-DNT,  2,6-DNT,  2A-4,6-DNT,  andtetryl.  The 
explosive  detection  limits  of  analyzed  treated  soil  at  those  sites  was  1-2  mg/kg,  which  is 
higher  than  most  of  the  explosive  soil  concentrations  seen  at  Camp  Edwards.  The 
excavation  trigger  criteria  for  all  four  sites  are  higher  than  the  concentrations  of 
explosives  observed  at  Camp  Edwards.  Incineration  tends  to  be  one  of  the  more  costly 
remedial  alternatives  and  least  publicly  favorable  due  to  concerns  about  air  emissions.  % 

However,  incineration  is  a  demonstrated  technology  that  is  highly  effective.  Most  large-  w 

scale  environmental  engineering  firms  have  experience  with  this  technology. 

5.4.2.6  Low  Temperature  Thermal  Desorption 

Low  Temperature  Thermal  Desorption  (LTTD)  consists  of  excavation  of  soil  and  then  *. 

treatment  with  heat.  The  off-gases  are  then  combusted  in  a  flame  oxidation  unit  or 

otherwise  treated.  Laboratory  tests  by  the  Army  showed  this  technology  would  work  for 

RDX,  HMX,  and  TNT.  However,  the  TNT  degradation  products,  3,5-dinitroaniline  and 

3,5-dinitrophenol,  which  were  produced  in  the  process,  were  found  to  be  recalcitrant  and  ? 

may  be  toxic.  This  technology  would  only  be  appropriate  for  those  sites  at  Camp  j 

Edwards  that  do  not  contain  TNT  in  the  soil.  Data  collected  from  the  Phase  I IAGS  at  ' 

Camp  Edwards  indicated  the  absence  of  TNT  from  soil  at  Demo  1 .  Most  large-scale 

environmental  engineering  firms  have  experience  with  this  technology. 
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transmitted  to  an  electrode  in  the  ground,  which  generates  heat  sufficient  to  melt  the  soil. 
A  hood  with  negative  pressure  is  placed  over  the  electrodes  to  collect  any  off-gases.  The 
technology  works  best  in  unsaturated  soils.  The  depth  of  contamination  impacts  the 
implementability  and  cost  for  this  technology.  No  information  could  be  found  on  its  use 
for  explosives.  However,  this  technology  should  be  applicable  as  long  as  the  percent 
level  of  explosives  in  soil  is  less  than  10  percent.  Soils  with  greater  than  10  percent 
explosives  are  an  explosive  hazard.  Due  to  the  high  power  requirements  the  technology 
is  costly  to  implement,  although  the  remediation  time  is  measured  in  weeks  rather  than 
years.  Availability  of  commercial  vendors  for  this  technology  is  limited.  Extensive 
bench  and  pilot  scale  work  would  be  necessary  prior  to  implementing  this  technology  at 
Camp  Edwards. 

5. 4. 3. 3  Thermal  Blanket 

The  technology  consists  of  using  heat  to  destroy  contaminants  present  in  the  shallow 
surface  soil,  less  than  1 8  inches  deep,  in  a  similar  manner  to  thermal  desorption.  The 
system  consists  of  a  series  of  coils  placed  on  the  ground  surface  that  generate  heat.  The 
coils  are  insulated  above  with  a  layer  of  vermiculite  and  have  a  vapor  extraction  system 
under  negative  pressure  to  capture  any  off-gases.  The  off-gases  are  treated  in  a  thermal 
oxidizer.  This  technology  has  been  used  successfully  on  a  polychlorinated  biphenyl 
(PCB)  and  dioxin  contaminated  site.  Contaminant  reduction  efficiencies  were  99.99 
percent.  The  technology  has  not  been  used  for  surface  soils  contaminated  with 
explosives  but  appears  to  be  amenable  for  these  compounds.  The  remediation  time- 
period  is  measured  in  weeks.  The  one  drawback  is  the  large  amount  of  electricity 
required,  however  the  vendor  uses  a  trailer  mounted  diesel  generator.  Shell  Oil  Company 
markets  the  technology.  Extensive  bench  and  pilot  scale  work  would  be  necessary  prior 
to  implementing  this  technology  at  Camp  Edwards. 

5. 4. 3. 4  Electrokinetics 

Electrokinetics  consists  of  placing  vertical  electrodes  and  treatment  zones  in  the 
subsurface.  The  electrodes  and  treatment  zones  are  installed  using  a  large  vibratory 
hammer,  although  lower-cost  technologies  are  being  evaluated  for  installation  activities, 
such  as  jet  grouting  and  pneumatic  fracturing.  The  maximum  viable  depth  is  less  than 
1 00  ft  below  ground  surface  and  the  technology  is  applicable  to  both  saturated  and 
unsaturated  zone  soils.  An  electrical  current  is  established  between  the  anode  and 
cathode.  The  negatively  charged  ions  such  as  chloride  are  drawn  to  the  cathode.  Since 
the  chloride  is  dissolved  in  water  the  water  molecule  is  also  dragged  towards  the  cathode. 
If  a  contaminant  is  dissolved  in  the  water,  such  as  an  explosive,  it  is  also  dragged  towards 
the  cathode  along  with  the  water.  The  treatment  zones  are  installed  perpendicular  to  the 
electrokinetic  induced  gradient.  As  the  contaminated  water  is  driven  through  the 
treatment  zone  it  is  remediated.  The  remediation  system  is  designed  such  that  the 
residence  time  of  the  contaminant  in  the  treatment  zone  results  in  complete  remediation. 
A  series  of  cells  are  installed  to  cover  the  contaminated  media.  Remediation  time  is  in 
the  two  to  five  year  time  frame  depending  on  the  desired  time  for  remediation,  which  is  a 
function  of  the  energy  expenditure.  The  treatment  options  include  iron,  palladized  iron, 
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carbon,  or  biological  treatment  cells.  The  one  drawback  to  the  technology  is  the  large 
amount  of  electricity  used  and  the  required  electrical  infrastructure.  Although  not 
demonstrated  for  explosives  the  compounds  of  interest  are  ideally  suited  for  this 
technology.  The  only  commercial  vendors  are  Electrokinetics  and  Monsanto  although 
neither  has  applied  their  technologies  to  explosives.  Extensive  bench  and  pilot  scale 
work  would  be  necessary  prior  to  implementing  this  technology  at  Camp  Edwards. 

5. 4. 3. 5       Deep  Soil  Mixing 

Deep  soil  mixing  consists  of  using  augers  to  mechanically  mix  soil  in-situ.  Various 

treatments  are  then  mixed  with  the  soil  to  facilitate  destruction  of  the  contaminants.  The  Z! 

SB 

potential  treatment  amendments,  iron,  potassium  permanganate,  or  biological  organisms  e 

would  need  to  be  evaluated  for  explosives.  The  technology  is  limited  to  a  depth  of 

approximately  40-ft  below  ground  surface.  A  shroud  encloses  the  augers  to  capture  any 

off-gases,  which  are  then  destroyed  with  a  thermal  oxidizer.  Although  the  technology 

has  been  demonstrated  for  VOCs  it  has  not  been  applied  to  a  site  with  explosive 

contaminated  soils.  The  technology  would  not  be  cost-effective  for  treating  a  site  with 

only  surface  soil  contamination,  i.e.  less  than  2  feet  or  a  very  large  site,  i.e.  more  than  1 

acre.  The  approach  is  fairly  new  and  only  a  few  environmental  engineering  firms  have 

the  expertise  for  this  technology.  Extensive  bench  and  pilot  scale  work  would  be 

necessary  prior  to  implementing  this  technology  at  Camp  Edwards. 


5. 4. 3. 6  Soil  Flushing 

Soil  flushing  involves  the  introduction  of  a  solvent  or  surfactant  to  solubilize  and 
mobilize  the  contaminants.  Soil  flushing  can  be  done  in  an  ex-situ  or  in-situ  mode, 
although  most  remedial  actions  to  date  have  been  in  the  ex-situ  mode.  Studies  by  Kaplan 
and  Kaplan  (1982)  found  that  amino  surfactants  can  precipitate  TNT  into  an  insoluble 
precipitate.  The  surfactant  in  this  case  immobilizes  the  TNT  in  the  soil.  However,  the 
quantity  of  surfactant  necessary  for  treatment  was  not  cost  effective. 

Another  possibility  is  to  use  extracted  groundwater  as  the  flushing  agent  (solvent)  to 
accelerate  the  dissolution  of  explosive  particulates  in  or  on  the  soil  and  movement  of  the 
contaminants  out  of  the  soil  into  the  groundwater.  The  contaminants  would  then  be 
captured  in  a  downgradient  extraction  well  to  capture  and  treat  the  contaminants.  The 
water  would  be  pumped  to  the  surface,  treated,  and  then  the  treated  water  would  be 
sprayed  over  the  soil.  Extensive  bench  and  pilot  scale  work  would  be  necessary  prior  to 
implementing  this  technology  at  Camp  Edwards  as  well  as  modeling  to  design  a  system 
to  maintain  hydraulic  control.  Some  large-scale  environmental  engineering  firms  have 
experience  with  this  technology. 

5. 4. 3. 7  Phytoremediation 

Phytoremediation  consists  of  using  plants  to  uptake  and  either  transform  the  contaminant 
to  a  non-toxic  compound  or  immobilize  it  as  a  non-bioavailable  compound.  Typically, 
the  technology  is  limited  to  explosives  within  the  root  depth  of  the  plant,  in  most  cases 
this  is  1  -2  feet.  The  technology  applies  to  shallow  soils  as  well  as  sediments  in  shallow 
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water,  less  than  2  ft  of  water.  Studies  by  Medina  et  al  (1998)  found  the  technology 
suitable  for  TNT  although  some  amino-DNT,  trinitrobenzene,  and  dinitroaniline 
accumulation  was  observed  and  could  prove  problematic.  Dinitroaniline  may  be  a  toxic 
compound.  Pilot-scale  phytoremediation  experiments  have  been  conducted  at  the 
Volunteer  AAP,  Iowa  AAP,  and  Milan  AAP.  The  study  at  the  Milan  AAP  found  all  plant 
species  to  enhance  the  removal  of  TNT  from  shallow  groundwater.  Phytoremediation  of 
RDX  and  HMX  was  less  successful  but  may  be  the  result  of  problems  in  analysis  (Best  et 
al.  1997).  The  study  at  the  Iowa  AAP  found  negligible  removal  of  TNT  and  RDX  by  the 
plants  in  surface  water,  however  the  result  suggest  a  plant  microorganism  symbiotic 
relationship  which  results  in  microbiological  reduction  of  TNT  and  RDX  (Best  et  al. 
1997).  This  technology  would  not  be  applicable  for  groundwater  at  this  site  due  to  its 
depth  below  surface.  Remediation  of  the  soil  is  slow  with  this  technology.  The  approach 
is  fairly  new  and  only  a  few  environmental  engineering  firms  have  the  expertise  for  this 
technology.  Extensive  bench  and  pilot  scale  work  would  be  necessary  prior  to 
implementing  this  technology  at  Camp  Edwards. 

5. 4. 3. 8        Capping 

This  technology  consists  of  placing  a  low  permeability  cap  (clay,  asphalt,  geomembrane 
liner,  or  combination)  to  decrease  the  infiltration  of  precipitation  through  the 
contaminated  soil.  This  approach  would  require  fate-and-transport  modeling  to  assess  if 
the  reduction  in  infiltration  is  sufficient  to  lower  the  amount  of  contaminants  reaching  the 
aquifer.  Control  of  surface  water/precipitation  must  be  included  with  this  option.  Most 
large-scale  environmental  engineering  firms  have  experience  with  this  technology. 


5.5        Potential  Groundwater  Remedial  Technologies 

Groundwater  remediation  may  be  required  at  Demo  1 ,  the  Central  Impact  Area,  and  the 
Southeast  Corner  of  the  Ranges.  Potential  groundwater  remedial  technologies  are 
subdivided  into  hydraulic  containment  and  in-situ  categories  and  are  discussed  below. 


5.5.1  No- Action 

Under  this  alternative,  the  AOC  would  be  allowed  to  continue  in  its  present  condition 
without  any  efforts  to  control  the  migration  of  explosives  in  groundwater.  This 
alternative  provides  a  basis  for  assessing  the  effects  of  taking  remedial  action,  and 
provides  an  environmental  baseline  against  which  other  alternatives  are  compared. 

5.5.2  Hydraulic  Containment 

In  a  hydraulic  containment  system  groundwater  is  pumped  to  the  surface  from  one  or 
more  wells,  treated,  and  discharged  (i.e.  to  surface  water  or  reinjected  into  the  aquifer). 
Single  or  multiple  wells  can  be  used,  with  a  higher  efficiency  possible  with  multiple 
extraction  wells,  i.e.  lower  pump  rates  for  the  same  capture  zone  width.  Various  methods 
are  used  to  treat  the  water,  depending  on  the  contaminant  and  discharge  limit.  Pump-and- 
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treat  has  been  viewed  with  growing  disfavor  for  the  remediation  of  contaminated 
groundwater  due  to  its  inability  to  achieve  remedial  goals  and  its  high  operational  and 
maintenance  cost  (NRC,  1994  and  USEPA,  1992).  A  growing  trend  is  the  use  of  pump- 
and-treat  as  a  hydraulic  containment  tool  to  isolate  a  source  area  (Nyer  et  al.  1996).  In 
this  context,  the  manner  in  which  pump-and-treat  is  considered  for  the  Training  Ranges 
and  Impact  Area  is  as  a  hydraulic  containment  system.  The  system  could  utilize  vertical 
or  horizontal  wells.  The  wells  could  be  placed  at  the  leading  downgradient  edge  of  the 
groundwater  contamination  area  or  through  the  center  of  the  area  of  contamination. 
Other  groundwater  collection  options  could  include  the  use  of  barrier  walls  or  reinjection 
wells  to  funnel  the  area  of  groundwater  contamination  to  a  smaller  area.  This  would  be 
done  to  minimize  the  amount  of  water  needed  to  be  pumped  from  the  aquifer  and  treated. 
Later  the  hydraulic  containment  system  could  be  augmented  or  replaced  with  additional 


in 

c 

wells  or  some  other  remedial  technology  to  perform  hotspot  remediation  at  the  source.  w 

The  use  of  subsurface  drains  such  as  a  French  Drain  would  not  be  practical  at  the  AOCs 
due  to  the  depth  to  groundwater  and  the  high  groundwater  flow  velocities. 

Treated  water  can  also  be  reinjected  into  the  aquifer  to  enhance  gradient  control, 

reinjected  into  the  vadose  zone,  or  applied  to  the  ground  surface  to  enhance  the 

dissolution  of  explosives.  Reinjection  can  be  accomplished  with  a  number  of  different 

techniques  such  as  reinjection  wells,  infiltration  galleries  of  wells,  trench  infiltration 

galleries,  subsurface  drains,  or  landsurface  application.  In  this  scenario  the  amount  of  H 

water  extracted  to  obtain  a  given  capture  zone  width  can  be  much  less  than  stand-alone  2 

extraction  wells  since  the  reinjection  wells  can  be  used  to  push  water  to  the  extraction  jjj 

wells.  The  reinjection  points  could  be  laterally  on  either  side  of  the  area  of 

contamination,  at  the  extraction  well  location  to  minimize  groundwater  withdrawals,  in 

the  source  area  to  enhance  dissolution  and  flushing  of  contaminants  through  the  vadose 

zone,  or  upgradient  of  the  source  area  to  increase  the  groundwater  flow  velocities  in  the 

aquifer.  Groundwater  flow  modeling  would  be  necessary  to  optimize  the  system  to  the 

best  arrangement  of  extraction  and  reinjection  wells.  Although  initial  capital  costs  are 

higher  than  for  extraction  only  system,  due  to  the  need  for  installation  of  an  injection 

system  and  additional  infrastructure,  long  term  operational  and  maintenance  treatment 

costs  are  lower  due  to  the  smaller  volume  of  water  pumped  and  treated. 

5. 5. 2. 1        Carbon  Treatment 

The  pump-and-treat  technology  consists  of  passing  the  extracted  groundwater  through  a 
treatment  bed  or  reactor  vessel  containing  granular  activated  carbon  (GAC).  The 
technology  has  been  demonstrated  for  explosives  (HMX,  RDX,  and  TNT)  at  several 
sites,  including  the  Pantex  Plant  in  Amarillo,  Texas,  Milan  AAP  in  Milan,  Tennessee,  and 
Badger  AAP  in  Wisconsin  (Fleming  et  al.  1996;  Bricka  and  Fleming,  1995;  and  Hinshaw 
et  al.  1987).  Since  these  are  the  same  contaminants  found  at  Camp  Edwards  there  would 
be  no  need  for  a  pilot  test  or  treatability  study.  Some  limited  testing  and  evaluation  of 
chemical  data  would  be  necessary  to  evaluate  the  need  for  pretreatment  of  water  to 
remove  iron,  manganese,  and  hardness  to  avoid  fouling  the  GAC.  If  desired,  the 
technology  is  readily  implementable  for  full-scale  remediation. 
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Recent  studies  conducted  at  the  Cornhusker  AAP  evaluated  the  removal  of  RDX, 
trinitrobenzene  (TNB),  TNT,  and  HMX  from  water  (Fleming  et  al.  1996).  The  tests 
included  the  evaluation  of  six  GACs,  two  carbonaceous  resins,  one  polymeric  resin,  and 
two  organophillic  clays.  The  polymeric  resin  and  organophillic  clays  were  not  effective 
in  reducing  contaminant  concentrations  below  the  effluent  limit  of  2  ug/L.  GAC  was 
found  to  satisfactorily  remove  the  explosives  of  interest  with  some  differences  in 
efficiency  between  the  various  types  of  GAC.  Studies  have  also  been  conducted  at  the 
Milan  AAP,  Burlington  Iowa  AAP  (Hinshaw  et  al.  1987),  Radford  AAP,  Lone  Star  AAP, 
Kansas  AAP,  Joliet  AAP,  and  Picatinny  Arsenal  (Bricka  and  Fleming,  1995).  In  all  AAP 
cases,  the  initial  concentrations  of  explosives  in  water  exceeded  100  mg/L.  These  studies 
found  GAC  to  perform  satisfactorily  for  the  removal  of  explosives. 


One  drawback  to  the  GAC  treatment  technology  is  the  creation  of  contaminated  carbon. 
Management  of  the  carbon  as  a  waste  is  can  be  expensive.  Regeneration  of  the  carbon 
loaded  with  explosives  using  base  hydrolysis  has  been  evaluated  and  looks  promising 
(Heilmann  et  al.  1996  and  Knezovich  et  al.  1994).  Direct  treatment  of  wastewater  with 
base  hydrolysis,  however  is  not  economical  (Heilmann  et  al.  1996).  Other  approaches  are 
to  wash  the  carbon  using  heated  water  and  ethanol  to  remove  the  contaminants  and  then 
run  the  effluent  through  a  microbiological  consortium  (Knezovich  et  al.  1994), 
regeneration  using  acetone  (Fleming  et  al.  1996),  and  regeneration  using  thermal 
oxidation.  Regenerated  carbon  costs  are  approximately  $55,000/year  and  virgin  carbon 
approximately  $87,000/year  for  a  700  gpm  system  (Fleming  et  al.  1995).  The  system 
discussed  by  Fleming  et  al.  (1995)  was  treating  groundwater  with  explosive  contaminant 
levels  up  to  3  orders  of  a  magnitude  higher  than  what  has  been  observed  at  Camp 
Edwards.  This  technology  is  widespread  and  most  large-scale  environmental  engineering 
firms  have  experience  with  this  technology.  A  treatability  test  would  be  necessary  to 
further  evaluate  any  GAC  regeneration  process  before  implementation  at  Camp  Edwards. 

5.5.2.2       Aqueous-Phase  Bioreactor  Treatment 

The  bioreactor  treatment  process  consists  of  passing  extracted  groundwater  through  a 
reactor  containing  a  microbiological  consortium  to  degrade  the  contaminants.  It  has  been 
well  established  in  the  literature  that  TNT  is  susceptible  to  biodegradation  under  both 
aerobic  and  anaerobic  conditions  and  RDX  and  HMX  are  suceptible  to  biodegradation 
under  anaerobic  conditions  in  the  soil  column  (Brannon  et  al.  1998;  Brannon  et  al.  1997; 
Bruns-Nagel  et  al.  1996;  Haigler  and  Spain,  1996;  Bradley  and  Chapelle,  1995;  Bradley 
et  al.  1994;  Unkefer  et  al.  1990;  and  Soli,  1973).  Limits  on  the  technology  include  the 
volume  of  water  to  be  treated  and  the  possibility  of  production  of  recalcitrant  TNT 
degradation  products  such  as  the  DNTs.  Tyndall  and  Vass  (1993)  claim  to  have  isolated 
a  bacterium  that  results  in  complete  destruction  of  TNT  but  the  effectiveness  of  this 
bacterium  has  not  been  tested  for  RDX  and  HMX.  Most  pump-and-treat  bioreactor 
applications  have  been  limited  to  10  gpm  or  less  pumping  rates.  Most  large-scale 
environmental  engineering  firms  will  have  experience  with  this  technology.  Extensive 
bench  and  pilot  scale  work  would  be  necessary  prior  to  implementing  this  technology  at 
Camp  Edwards. 
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5. 4. 2. 3        Zero-valent  Iron  or  Pallidized  Iron 

The  technology  consists  of  passing  the  extracted  groundwater  through  a  reactor  vessel 
containing  zero-valent  iron  or  palladized  iron.  This  is  a  promising  potential  treatment 
option  based  on  the  chemical  structure  of  the  explosives  in  groundwater  at  Camp 
Edwards.  Limited  laboratory  work  has  been  performed  by  Oak  Ridge  National 
Laboratory,  U.S.  Army  Corps  of  Engineers,  Waterways  Experiment  Station,  and  others 
(McGrath,  1998;  Korte,  1998;  Agrawal  and  Tratynek,  1995;  Agrawal  et  al.  1995; 
Agrawal  and  Tratynek,  1994;  and  Schwarzenbach  et  al.  1994).  Advantages  are  low 
operational  and  maintenance  costs  and  no  need  for  off-site  disposal  of  media,  unlike 
carbon.  The  reaction  involves  the  destruction  of  the  nitroaromatic  compound  so  there  is 


(s 


no  buildup  of  contaminants  on  the  reactive  media.  By-products  released  into  water  5 

include,  nitrate,  aromatic  amines,  hydroxylamines,  nitroso  compounds,  and  hydrogen. 

One  potential  drawback  is  the  creation  of  intermediate  byproducts  that  may  be  as  toxic  as 

the  starting  compound,  such  as  hydroxylamines  and  nitroso  compounds.  Thus,  iron 

treatment  may  need  to  be  combined  with  a  biological  process,  which  can  further  reduce 

the  aromatic  amines,  hydroxylamines,  and  nitroso  compounds.  Additional  potential 

drawbacks  include  clogging  of  media  over  time  or  reduced  treatment  efficiency  and  need 

for  regeneration  of  iron/palladium  surface  to  remove  salt  precipitates,  typically  calcium 

or  ferrous  carbonates.  EnviroMetal  Technologies  Inc.  holds  the  license  on  the  patent  and 

is  the  commercial  provider  of  the  zero-valent  iron  system  for  volatile  organic  compounds  H 

and  the  Research  Corporation  for  palladized  iron  covering  all  organic  compounds.  The  g 

patents  do  not  appear  to  cover  explosives.  Extensive  bench  and  pilot  scale  work  would  jj} 

be  necessary  prior  to  implementing  this  technology  at  Camp  Edwards. 

5. 5. 2. 4  Catalytic  Oxidation 

The  technology  consists  of  passing  the  extracted  groundwater  through  a  catalytic 
oxidation  unit.  This  is  a  potential  treatment  option  based  on  the  chemical  structure  of  the 
explosives  in  groundwater  at  Camp  Edwards,  but  a  treatability  test  would  be  required  to 
prove  its  feasibility.  However,  catalytic  oxidation  units  are  more  appropriate  for  higher 
contaminant  concentrations  than  seen  at  Camp  Edwards.  Typically,  a  catalytic  oxidation 
unit  has  a  fairly  high  capital  and  long  term  operational  and  maintenance  costs.  Numerous 
commercial  vendors  are  available  for  the  catalytic  oxidation  units.  Most  large-scale 
environmental  engineering  firms  have  experience  with  this  technology. 

5. 5. 2. 5  Ultraviolet  Oxidation 

The  technology  consists  of  passing  the  extracted  groundwater  through  an  ultraviolet 
photoxidation  unit  or  oxidizing  the  water  with  ozone.  Pilot-scale  tests  of  this  technology 
have  been  performed  at  the  Kansas  AAP,  Crane  AAP,  Iowa  AAP,  Holston  AAP,  and 
Picatinny  Arsenal  (Fleming  et  al.  1995  and  LeFaivre  and  Peyton,  1994).  The  study  at 
Picatinny  Arsenal  found  that  RDX  could  be  reduced  below  1  ug/L  from  a  starting 
concentration  of  4.5  ug/L  (Flemming  et  al.  1995).  Ultraviolet  oxidation  with  ozone  was 
more  efficient  than  ultraviolet  oxidation  alone.  However,  unknown  and  unidentifiable 
compounds  were  observed  in  the  effluent  stream.  These  studies  found  that  ultraviolet 
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oxidation  could  destroy  TNT,  RDX,  HMX,  and  tetryl.  However,  TNB  accumulates  if  an 
insufficient  residence  time  is  used.  TNB  is  a  degradation  product  of  TNT.  Studies  of 
water  from  the  Bangor  U.  S.  Naval  Submarine  Site  indicated  ultraviolet  photoxidation 
was  cost  competitive  with  other  treatment  technologies,  although  a  number  of  recalcitrant 
TNT  degradation  products  were  observed  in  the  effluent  stream  (LeFaivre  and  Peyton, 
1994).  Full-scale  treatment  systems  can  range  up  to  2,000  gpm. 

Full-scale  operational  and  treatment  costs  are  estimated  at  $55,000  to  $90,000/year  with  a 
unit  cost  of  approximately  $700,000  (Fleming  et  al.  1995)  for  a  5  gpm  system  treating 
RDX  at  a  concentration  of  less  than  5  ug/L.  Several  commercial  vendors  market  this 
technology:  Ultrox  Inc.,  Peroxidation  Systems  Inc.,  Solarchem  Inc.,  Excalibur 
Enterprises  Inc.,  Nutech  Inc.,  and  Purus  Inc.  This  technology  can  have  higher  than 
anticipated  operational  and  maintenance  costs  over  the  long  term,  due  to  equipment 
failure  as  result  of  fouling  issues.  Most  large-scale  environmental  engineering  firms  have 
experience  with  this  technology.  Extensive  bench  and  pilot  scale  work  would  be 
necessary  prior  to  implementing  this  technology  at  Camp  Edwards. 

5.5.3     In-Situ  Treatment 

5. 5. 3. 1        Impermeable  Barrier  Wall 

The  technology  consists  of  installing  an  impermeable  barrier  such  as  sheet  piling,  clay,  or 
cement  slurries  to  change  groundwater  flow  directions.  The  barriers  could  be  installed 
upgradient  of  the  source  area  to  deflect  groundwater  around  the  contaminated  source.  A 
barrier  wall  installed  downgradient  of  a  source  area  is  generally  used  to  intercept  and 
funnel  a  plume  or  cut  off  a  source  area.  In  this  configuration  the  barrier  wall  is  usually 
used  in  conjunction  with  an  extraction  well(s)  or  reactive  barrier,  i.e.  "gate".  The  effect 
of  the  barrier  wall  is  to  funnel  the  water  into  a  smaller  region  so  less  water  is  needed  to  be 
extracted  and  treated.  Another  concept  is  to  complete  a  four-sided  barrier  around  the 
source  area  using  either  an  impermeable  cap  to  restrict  recharge  via  precipitation,  or 
using  a  well  in  the  center  to  maintain  hydraulic  control.  Barrier  walls  can  be  constructed 
using  cement-bentonite  slurry,  soil  bentonite  slurry,  steel  sheet  piling,  high-density 
polyethylene  liner,  or  various  polymer  slurries.  Given  the  site  geology,  the  concept  would 
have  to  be  for  a  hanging  barrier  wall,  possibly  coupled  with  some  hydraulic  control,  i.e 
limited  pumping  since  the  uppermost  confining  unit  is  a  till  at  300+  ft  below  ground 
surface.  A  hanging  barrier  wall  is  so  named  since  it  is  not  keyed  into  a  lower 
impermeable  or  confining  geologic  unit  such  as  clay  or  bedrock.  The  depth  to 
groundwater  outside  of  the  kettle  hole  at  Demo  1  would  be  approaching  the  limits  of  the 
technology  in  terms  of  installation.  Drawbacks  to  barrier  walls  are  the  high  capital  cost 
associated  with  the  installation  of  deep  walls  and  proving  that  the  barrier  wall  is  working. 
Most  large-scale  environmental  engineering  firms  have  experience  with  this  technology. 
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5. 5. 3. 2        Reactive  Barrier  Wall 

The  technology  consists  of  installing  a  permeable  barrier  to  treat  contaminants  in-situ. 
Usually,  the  technology  is  coupled  with  an  impermeable  barrier  wall  and  in  this 
configuration  is  called  a  "funnel-and-gate".  The  treatment  medium  is  usually  zero-valent 
iron  but  other  materials  are  possible  and  are  being  evaluated  such  as  biological  consortia, 
bimetals,  zeolites,  peat,  etc.  As  is  the  case  with  an  impermeable  barrier  wall,  there  is  a 
high  capital  cost  associated  with  the  installation  of  a  deep  reactive  barrier  wall.  A 
significant  unknown  with  reactive  barrier  walls  is  the  performance  over  the  long  term  of 
the  reactive  media.  The  oldest  reactive  barrier  wall  has  been  operational  less  than  five 
years.  Laboratory  work  has  shown  that  clogging  due  to  the  formation  of  precipitates  can 
potentially  be  a  significant  issue  (Horney  et  al.  1995).  The  approach  is  fairly  new  and 
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only  a  few  environmental  engineering  firms  have  expertise  with  this  technology.  « 

Extensive  bench  and  pilot  scale  work  would  be  necessary  prior  to  implementing  this 
technology  at  Camp  Edwards. 

5. 5. 3. 3        In-Situ  Recirculation  Wells 

The  technology  consists  of  two  horizontal  wells  where  water  is  extracted  at  one  well  and 

then  reinjected  at  another.  The  horizontal  wells  can  be  placed  one  above  the  other  or 

parallel  to  each  other  at  the  same  depth.  They  can  also  be  placed  perpendicular  to  the 

groundwater  flow  direction  to  intercept  a  plume  for  containment  or  they  can  be  placed  « 

down  the  axis  of  plume  for  reduction  of  mass.  The  advantage  of  such  a  system  is  that  y 

groundwater  plumes  are  typically  narrow  in  the  vertical  direction  making  a  horizontal  w 

well  better  suited  for  the  contaminant  distribution  and  thus  more  efficient  than  a  vertical 

well.  A  thin  narrow  contaminated  region  is  ideally  suited  for  this  type  of  technology. 

The  concept  was  recently  proven  at  a  Department  of  Energy  (DOE)  site  in  Ohio  using  in- 
situ  treatment  canisters  for  treatment  of  a  mixed  waste  plume  (Korte  et  al.  1998).  The 
treatment  canisters  were  placed  in  the  extraction  well  so  all  contaminants  were  treated 
below  the  ground  surface.  The  system  was  engineered  such  that  the  treatment  canisters 
were  recoverable  and  the  treatment  media  could  be  replaced  or  regenerated  if  necessary. 
Another  in-situ  recirculation  well  was  installed  at  a  DOE  site  in  Florida.  This  system 
consisted  of  injection  of  microbes  in  one  well  and  extraction  at  another  well.  The 
extracted  water  was  inoculated  and  then  reinjected  to  create  a  circulation  cell.  Both  in- 
situ  recirculation  wells  were  successful  in  removing  contaminant  mass. 

The  primary  disadvantage  of  this  technology  is  that  it  has  not  been  demonstrated  to  be 
effective  for  explosives.  It  is  possible  that  the  demonstrated  recirculation  technologies 
could  be  modified  to  incorporate  a  treatment  technology  for  remediation  of  explosives. 
The  treatment  media  would  need  to  be  tested  and  would  likely  include  carbon,  iron, 
palladized  iron,  biological,  or  possibly  peat  alone  or  in  some  combination.  Extensive 
bench  and  pilot  scale  work  would  be  necessary  prior  to  implementing  this  technology  at 
Camp  Edwards.  No  commercial  vendors  are  available  for  this  technology  in  an  aquifer 
containing  explosive  contaminants. 
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5. 5. 3. 4        In-Sit u  Chemical  Oxidation 

In-situ  chemical  oxidation  consists  of  the  introduction  of  chemical  oxidizers  into  the 
aquifer  to  destroy  organic  contaminants.  Typically,  this  technology  involves  the 
installation  of  well(s)  whereby  the  oxidizer  is  introduced  into  the  aquifer  through  the 
well.  The  oxidizer  is  usually  used  to  treat  a  hot  spot  rather  than  a  large  dilute 
contaminant  plume,  due  to  the  cost  of  treatment.  Typical  oxidizers  used  in  groundwater 
treatment  include  ozone,  hydrogen  peroxide,  dichromate,  and  potassium  permanganate. 
The  use  of  ozone  and  hydrogen  peroxide  in  combination  is  called  peroxone.  It  was 
reported  that  peroxone  has  been  tested  in  a  treatability  study  to  remove  TNT  (Zappi, 
1998).  One  drawback  of  using  peroxone  is  that  the  oxidizer  is  nonselective,  oxidizing 
contaminants  as  well  as  naturally  occurring  carbonates  and  bicarbonates.  The  more 
carbonate  present  in  the  groundwater  the  more  oxidizer  needed  to  treat  a  given  mass  of 
contaminants,  since  some  oxidizer  will  react  with  the  carbonate  and  thus  not  be  available 
for  contaminant  destruction.  Given  the  low  alkalinity  of  groundwater  at  Camp  Edwards 
this  should  not  be  a  major  issue.  Although  the  treatment  method  has  not  been  tested  on 
RDX  or  HMX,  the  chemical  structure  of  these  compounds  suggest  that  they  should  be 
susceptible  to  chemical  oxidation.  The  approach  is  fairly  new  and  only  a  few 
environmental  engineering  firms  have  expertise  with  this  technology.  Extensive  bench 
and  pilot-scale  work  would  be  necessary  prior  to  implementing  this  technology  at  Camp 
Edwards. 


5.5.3.5 


Monitored  Natural  Attenuation 


Monitored  Natural  Attenuation  (MNA)  consists  of  the  reduction  of  contaminant  mass 
through  non-engineered  activities.  The  principal  reliance  is  upon  destruction  of  the 
contaminant  through  natural,  non-engineered  biological  or  oxidation-reduction  processes. 
This  approach  has  been  demonstrated  for  TNT,  which  is  known  to  degrade  (Balasco, 
1996). 

The  only  ROD  utilizing  MNA  for  explosives  is  at  the  Sierra  Army  Depot  in  Herlong, 
California  (Balasco  et  al.  1996).  In  this  case,  the  principal  explosive  contaminant  was 
TNT.  The  selection  of  MNA  at  this  site  was  based  on  the  following;  negligible 
horizontal  and  vertical  plume  movement,  no  current  or  future  receptors,  limitations  of 
pump-and-treat,  cost,  reevaluation  of  site-specific  data,  and  ongoing  routine  monitoring. 
A  FS  of  MNA  conducted  at  the  Joliet  AAP  found  evidence  to  support  a  MNA 
remediation  approach  for  TNT,  RDX,  and  TNB  (Pennington  et  al.  1998).  The  study 
found  that  all  three  compounds  were  being  attenuated  and  therefore  MNA  could  be 
considered  as  an  alternative  for  that  site. 


Implementing  a  MNA  approach  at  Camp  Edwards  would  require  collection  of  additional 
geochemical  data  to  assess  the  rate  and  process  of  biological  reduction  of  TNT. 
Groundwater  modeling  would  also  be  necessary  to  estimate  travel  times  to  receptors  and 
predicted  maximum  concentrations  at  the  compliance  point.  Modeling  would  have  to  be 
performed  to  determine  the  effect  of  dilution  and  dispersion  on  the  RDX  and  HMX 
contaminant  mass  to  see  if  this  is  a  viable  option  given  the  distance  to  the  Camp  Edwards 
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property  boundary.  The  approach  is  fairly  new  and  only  a  few  environmental 
engineering  firms  have  expertise  with  this  technology. 

5.6  Potential  UXO  Remedial  Technologies 

Potential  remedial  alternatives  for  UXO  have  not  been  developed  in  detail  as  part  of  this 
FSWP  due  to  limited  existing  characterization  of  the  nature  and  extent  of  the  potential 
problem.  If  it  is  determined  that  UXO  poses  a  risk  to  groundwater,  appropriate 
alternatives  will  be  evaluated  that  remove  the  UXO  of  concern  from  the  environment 
while  minimizing  any  release  of  contaminants  to  the  environment.  Alternatives  to 
address  UXO  that  pose  a  threat  to  groundwater  will  include  disposal  options  such  as  in- 
situ  detonation,  on-site  detonation  or  disposal  at  a  remote  location,  and  off-site  detonation 
or  disposal  at  an  approved  facility.  These  technologies  will  be  developed  and  evaluated 
in  more  detail  in  the  Development  and  Initial  Screening  of  Alternatives  Report  based  on 
the  conclusions  of  the  site  characterization  activities. 

5.7  Feasibility  Study  Data  Requirements 

The  likely  data  requirements  for  potential  soil  and  groundwater  remedial  technologies 

and  the  proposed  timeframe  for  obtaining  them  is  discussed  in  the  following  two  sections.  H 

Identification  of  the  FS  data  requirements  is  a  planning  step  to  ensure  that  the  FS  process  2 

proceeds  without  delay.  {J| 

The  characterization  efforts  for  each  AOC  or  OU  will  provide  the  data  to  satisfy  the 
requirements  listed  below  to  allow  development  and  initial  screening  of  remedial 
alternatives  for  soil,  groundwater  and  UXO. 

•  Identify  COCs  and  range  of  concentrations 

•  Determine  PRGs 

•  Delineate  the  depth  and  areal  extent  of  contamination 

•  Quantify  the  volume  and/or  mass  of  contaminated  media 

Following  that  characterization,  the  most  significant  data  requirement  for  potential  soil 
and  groundwater  remedial  technologies  is  the  need  to  complete  bench  and/or  pilot  scale 
treatability  studies.  Treatability  studies  typically  range  in  duration  from  weeks  to  several 
months  depending  on  the  type  and  complexity.  The  need  for  treatability  studies  for  the 
technologies  will  be  assessed  throughout  the  site  characterization  and  development  and 
screening  of  alternatives.  Treatability  studies,  if  necessary,  will  be  proposed  in  the  Post- 
Screening  Investigations  Work  Plan. 

5.7.1     Soil  Remedial  Technologies 

Table  5-3  identifies  FS  data  requirements  to  enable  evaluation  of  potential  soil  remedial 
alternatives.  The  nature  and  importance  of  the  data  and  the  timeframe  in  which  they  will 
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be  obtained  is  discussed  below.  Some  data  are  required  for  most  potential  alternatives 
and  others  are  specific  to  a  single  technology. 

Table  5-4  provides  a  summary  of  existing  soil  treatability  data. 

Bench  and/or  pilot  scale  treatability  studies  will  be  conducted  after  the  initial  screening  of 
alternatives,  if  necessary,  and  prior  to  the  detailed  evaluation  of  alternatives.  The  initial 
screening  narrows  down  the  potential  alternatives  to  those  that  provide  the  best  balance 
of  the  evaluation  criteria.  The  bench  and/or  pilot  studies  are  then  conducted  for  the 
technology  or  technologies  that  are  most  likely  to  best  meet  the  objectives.  If  a 
technology  is  identified  as  a  strong  candidate  alternative  for  an  AOC,  treatability  studies 
could  be  conducted  earlier  in  the  process. 

Bench  and  pilot  scale  treatability  studies  are  currently  planned  for  biotreatment  of  soils 
contaminated  with  explosives  from  the  RRA  AOCs  in  accordance  with  the  Draft  Work 
Plan  for  Rapid  Response  Action  and  Draft  Release  Abatement  Measure  Plan  (Ogden, 
2000a).  Data  from  these  studies  would  also  apply  to  alternatives  that  employ 
biodegradation,  such  as  composting,  white  rot  fungus  and  landfarming. 

Several  physical  and  chemical  soil  properties  are  planned  to  be  collected  as  part  of  the 
fate  and  transport  modeling  activities  in  accordance  with  the  Draft  Statement  of  Work  for 
MMR  Site  Specific  Fate  &  Transport  Measurements  Task  0200  (Ogden,  2000f).  The  soil 
properties  to  be  obtained  include  bulk  density,  pH,  fraction  of  organic  carbon,  cation 
exchange  capacity,  extractable  iron,  and  grain  size  distribution.  Grain  size  data  have 
been  estimated  by  USGS  as  part  of  their  modeling  efforts.  Additional  grain  size  data  and 
pH  can  be  collected  relatively  quickly  if  necessary  for  site-specific  purposes.  Soil 
moisture  content  has  been  collected  as  part  of  the  I  AGS.  The  existing  data  for  these 
parameters  are  adequate  to  conduct  the  FS.  Site  specific  data  for  these  parameters  will  be 
collected  as  needed  during  the  execution  of  the  FS  and  RD  as  remedy  selection  nears  for 
an  AOC  or  OU. 

Desorption  kinetics  of  the  COCs  would  be  required  if  phytoremediation  was  identified  as 
a  viable  alternative  in  the  initial  screening  of  alternatives.  In  general,  this  involves 
determining  how  the  contaminants  are  desorbed  from  soil  so  that  they  are  available  for 
plant  uptake.  This  type  of  information  will  be  collected  as  part  of  the  proposed  Fate  and 
Transport  Modeling  (Ogden,  1999d). 

Osmotic  permeability  and  electrical  conductivity  would  be  evaluated  if  electrokinetics 
were  determined  to  be  a  viable  alternative  for  an  AOC  or  OU  after  completion  of  the 
Development  and  Initial  Screening  of  Alternatives  Report.  Site-specific  evaluations 
would  need  to  be  conducted  to  determine  the  properties  to  determine  the  feasibility  and 
reasonable  cost. 

Typical  thermal  parameters  depending  on  the  specific  technology  and/or  facility  include 
heating  value  of  waste,  total  halogens,  oversized,  and  restricted  contaminants.  The 
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specific  requirements  will  be  determined  if  incineration  or  low  temperature  thermal 
treatment  is  selected  as  a  potential  alternative. 

Specific  waste  characterization  parameters  such  as  toxicity  characteristic  leaching 
procedure  (TCLP),  corrosivity,  ignitability,  and  reactivity  typically  are  required  for  off- 
site  treatment  and/or  disposal.  Existing  site  characterization  data  are  typically  used  to 
determine  potential  applicability  and  a  reasonable  cost  for  these  alternatives.  As 

additional  data  are  collected  and  potential  alternatives  are  developed  and  screened,  the  i 

need  for  specific  waste  characterization  data  will  be  assessed. 

5.7.2     Groundwater  Remedial  Technologies  ~ 

e 
Table  5-5  identifies  FS  data  requirements  to  enable  evaluation  of  potential  groundwater  o 

remedial  alternatives.  The  nature  and  importance  of  the  data  and  the  timeframe  in  which 
they  will  be  obtained  is  discussed  below. 

Table  5-6  presents  a  summary  of  existing  groundwater  treatability  data  for  each  of  the 

AOCs.  ^ 

Site  specific  groundwater  models  will  likely  be  utilized  to  evaluate  the  implementability, 
effectiveness  and  cost  of  potential  groundwater  remedial  technologies.  The  models  . 

would  be  developed  as  an  extension  of  the  proposed  fate  and  transport  modeling  (Ogden,  gj. 

1999d).  © 

(A 

Similar  to  potential  soil  technologies,  the  need  for  bench/pilot  scale  studies  will  be 
assessed  throughout  the  FS  process.  For  hydraulic  containment  technologies,  bench 
and/or  pilot  scale  treatability  studies  would  be  required  to  evaluate  most  of  the  treatment 
technologies  for  the  collected  groundwater.  The  specific  need  for  these  studies  will  be 
documented  in  the  Development  and  Initial  Screening  of  Alternatives  Report  and  planned 
in  the  Post-Screening  Investigations  Work  Plan. 

Hydraulic  conductivity  data  are  required  for  all  potential  alternatives.  An  appropriate 
range  of  hydraulic  conductivity  values  is  currently  available.  The  data  have  been 
generated  by  the  USGS  for  groundwater  modeling  and  by  AFCEE  for  designing 
groundwater  remediation  systems.  The  USACE  will  generate  additional  data  as  part  of 
evaluating  potential  water  supply  well  locations.  The  currently  available  data  in 
conjunction  with  the  planned  fate  and  transport  modeling  are  adequate  for  completing  the 
FS.  Site  specific  data  may  be  required  prior  to  design  of  a  groundwater  remedial 
alternative.  A  site-specific  aquifer  pumping  test  may  be  required  to  design  some  of  the 
potential  groundwater  remedial  alternatives. 

Grain  size  data  have  been  estimated  by  USGS  as  part  of  their  groundwater  modeling 
efforts.  pH  has  been  typically  measured  in  the  field  as  part  of  the  IAGS.  The  existing 
data  for  these  parameters  are  adequate  to  conduct  the  FS.  Site  specific  data  for  these 
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parameters  will  be  collected  as  needed  during  the  execution  of  the  FS  and  RD  as  remedy 
selection  nears  for  an  AOC  or  OU. 

Biological  parameters  would  be  required  to  evaluate  the  potential  effectiveness  of  MNA 
and  to  assess  the  potential  for  fouling  problems  associated  with  other  technologies. 
Typical  parameters  that  may  be  required  are  dissolved  oxygen,  oxidation  reduction 
potential  (ORP),  nitrate/nitrite,  phosphate,  sulfate/sulfide,  total  and  dissolved  iron  and 
manganese,  methane,  carbon  dioxide,  temperature,  pH,  conductivity,  hardness,  alkalinity, 
ammonia-nitrogen,  biological  oxygen  demand  (BOD),  chemical  oxygen  demand  (COD), 
and  total  suspended  solids.  Some  of  these  parameters  have  been  and/or  are  being 
collected  as  part  of  groundwater  sampling  conducted  at  the  Training  Ranges  and  Impact 
Area.  The  specific  needs  for  biological  parameters  will  be  assessed  throughout  the  FS 
process.  Collection  and  analysis  of  specific  biological  parameters  will  be  added  to  the 
ongoing  groundwater  sampling  program  where  appropriate. 

5.7.3     UXO  Remedial  Technologies 

Completion  of  the  site  characterization  activities  described  in  Sections  2.4.5  and  3.5  is 
required  prior  to  completing  the  FS  Report  for  UXO.  FS  data  requirements  beyond  the 
site  characterization  activities  are  currently  unknown  but  are  not  anticipated  to  be 
extensive.  The  identification  of  potential  FS  data  requirements  for  UXO  technologies 
will  be  continuously  evaluated  throughout  the  performance  of  site  characterization 
activities.  This  process  will  allow  for  the  early  identification  and  collection  of  data 
requirements  to  expedite  the  remediation  process. 
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6.0        PROJECT  OPERATIONS  PLAN 

Many  of  the  required  elements  of  the  Project  Operations  Plan  (POP)  have  been 
previously  submitted  by  Ogden  Environmental  and  Energy  Services  for  the  National 
Guard  Bureau  and  approved  by  USEPA  Region  I.  The  POP  will  reference  these 
documents  where  appropriate.  As  new  requirements  are  identified,  they  will  be  added  via 
addendum  to  the  existing  documents,  as  has  been  the  practice  in  the  past. 

6.1        Site  Management  Plan 
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The  work  to  be  completed  under  the  FS/RD/RA  components  of  AO#3  is  multifaceted  and 

will  likely  involve  several  different  teaming  structures  to  complete  the  entire  process. 

The  details  of  the  Site  Management  Plan  (SMP)  for  each  of  the  components  (FS,  RD  and  g 

RA)  will  be  different  and  based  on  the  type  of  work  being  conducted.  The  critical 

information  required  for  a  SMP  for  ongoing  and  planned  investigation  activities  is 

documented  in  previously  submitted  plans.  Due  to  the  uncertainties  associated  with 

future  RD  and  RA  activities,  the  project  team  structure  and  responsibilities  are  currently 

only  provided  for  the  FS  component. 

6.1.1     FS  Organization  and  Management  Team 

The  team  established  to  conduct  the  FS  component  for  the  Training  Ranges  and  Impact  n» 

Area  at  Camp  Edwards  provides  continuity  with  the  technical  aspects  of  the  I  AGS  and  y 

public  involvement  process.  The  key  personnel  and  their  responsibilities  are  provided  " 
below. 

Program  Officer.  Lieutenant  Colonel  Joe  Knott,  National  Guard  Bureau  (NGB).  LTC 
Knott  is  responsible  for  providing  the  overall  direction,  coordination  and  leadership  for 
all  activities  at  the  Training  Ranges  and  Impact  Area  at  Camp  Edwards.  He  is  the 
primary  point  of  contact  for  the  NGB. 

Program  Director.  Ben  Gregson,  LSP,  Massachusetts  Army  National  Guard 
(MAARNG).  Mr.  Gregson  has  the  day-to-day  responsibility  of  managing  the  FS 
components  for  the  MAARNG.  He  ensures  overall  compliance  of  FS  submittals  with 
AO#3  requirements  and  coordinates  activities  with  regulatory  agencies  and  the  public. 

Ogden  Environmental  and  Energy  Services 

Program  Director.  Rob  Clemens.  Mr.  Clemens  is  fully  dedicated  to  MMR  and  has 
complete  authority  to  commit  Ogden  resources  and  resolve  issues.  He  responsible  for 
staff  assignments,  subcontractor  selections  and  overall  Ogden  team  performance. 

Program  Manager.  Marc  Grant,  PE.  Mr.  Grant's  key  responsibility  is  maintaining  the 
quality  and  consistency  of  work  products  and  work  efforts.  His  specific  responsibilities 
include: 
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•  Primary  point  of  contact  with  the  NGB  and  MAARNG 

•  Organize  and  staff  projects 

•  Select,  train  and  supervise  project  managers 

•  Establish  and  oversee  operating  procedures 

•  Program/Project  review 

FS  Manager.  Mark  Applebee.  Mr.  Applebee  is  responsible  for  the  technical 
performance  and  adherence  to  schedules  and  budgets  for  the  FS  activities.  His  specific 
responsibilities  include: 

•  Plan,  schedule,  and  manage  FS  tasks 

•  Communicate  with  MAARNG  and  NGB 

•  Ensure  technical  compliance  with  AO#3  requirements 

•  Supervise  day-to-day  conduct  of  the  work 

•  Integrate  the  efforts  of  all  supporting  disciplines  and  subcontractors 

•  Oversee  the  preparation  of  all  reports  and  plans 

•  Provide  for  QC  and  quality  review  during  performance  of  the  work 

6. 1 .2  Identification  of  Contractors  and  Subcontractors 

Ogden  Environmental  and  Energy  Services  is  the  Supervising  Contractor  for  AO#3.  Due 
to  the  unknowns  surrounding  the  RD  and  RA  components  of  AO#3,  identification  of 
subcontractors  will  be  made  at  a  later  date.  Contractor  and  subcontractor  arrangements 
for  site  characterization  activities  will  continue  in  the  same  manner  as  is  ongoing  for  the 
I  AGS.  USA  is  the  UXO  subcontractor  and  DL  Maher  is  the  drilling  subcontractor. 

Specific  subcontractors  for  the  FS  component  of  AO#3  have  not  been  identified  at  this 
time.  For  the  FS  component,  subcontractors  will  most  likely  be  required  to  conduct 
bench/pilot  scale  treatability  studies  to  provide  data  for  evaluation  of  alternatives. 
Notification  of  the  identity  and  qualifications  any  proposed  subcontractors  will  be  made 
at  least  seven  (7)  days  in  advance  of  performing  any  work  under  AO#3. 

6.1.3  General  Site  Management  Items 

Ogden  currently  has  a  fully  operational  Field  Office  at  MMR.  The  office  has  been  used 
the  past  three  years  to  direct  and  manage  ongoing  IAGS  field  efforts. 

Investigation  derived  waste  (IDW)  and  other  wastes  generated  during  FS  activities  (if 
any)  will  be  managed  in  accordance  with  currently  established  procedures. 

Data  generated  for  the  AOCs  will  continue  to  be  managed  in  accordance  with  the  Air 
Force- Wide  Environmental  Resources  Program  Information  Management  System  (AFW- 
ERPIMS.  AFW-ERPIMS  is  a  relational  database  used  to  store  and  manage  data  collected 
for  environmental  projects. 
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6.2        Sampling  and  Analysis  Plan 

6.2.1     Field  Sampling  Plan 

The  only  currently  identified  additional  investigation  for  which  a  Field  Sampling  Plan 

(FSP)  can  be  developed  is  for  deep  soils  at  Demo  1 .  Additional  investigations  may  be 

required  to  adequately  characterize  the  nature  and  extent  of  contamination  at  the  AOCs. 

As  discussed  in  Section  3,  it  is  likely  that  additional  downgradient  groundwater 

investigations  will  be  required  for  the  Central  Impact  Area,  but  the  details  of  the  required 

investigations  can  not  be  identified  at  this  time.  A  FSP  will  be  developed  for  all  new  g 

investigations  required  for  the  Training  Ranges  and  Impact  Area  at  Camp  Edwards.  The 

FSPs  will  be  prepared  and  submitted  for  review  in  the  same  manner  as  the  IAGS 

documents. 

The  FSP  for  the  soil  explorations  at  Demo  1  is  provided  below. 

6.2. 1. 1  Demo  1  -  Field  Sampling  Plan 

Demo  1  is  located  north  of  Forestdale  Road  and  south  of  the  Impact  Area,  near  the 

current  H  Range  at  MMR.  Demo  1  includes  a  natural  1-acre  topographic  depression,  or  u 

kettle  hole,  that  is  approximately  45  feet  below  the  surrounding  grade.  An  access  road  jj* 

surrounds  the  topographic  low  and  circumscribes  a  7.4-acre  area  (Figure  6-1).  The  w 

bottom  of  the  topographic  low  is  a  flat,  cratered  area.  Low  areas  and  individual  craters 

remain  wet  for  most  of  the  winter  and  spring.  The  depth  to  groundwater  from  the  base  of 

the  depression  is  about  40  feet.  A  concrete  observation  bunker  was  constructed  on  the 

north-facing  slope  of  the  south  side  of  the  topographic  low,  but  has  since  been  removed. 

Demolition  activities  appear  to  have  been  concentrated  in  the  topographic  low,  based  on 

historic  maps  and  interview  information.  According  to  interview  information,  demolition 

activities  in  the  topographic  low  did  result  in  the  intermittent  ejection,  or  "kick  out",  of 

explosives  and/or  demolition  materials  from  the  depression  into  the  surrounding  area. 

Several  soil  investigations  have  been  conducted  at  Demo  1  and  are  summarized  in  the 
Final  IAGS  Technical  Team  Memorandum  99-2,  Deep  Soil  Sampling  of  Demolition  Area 
1  (Ogden,  2000g).    Tech  Memo  99-2  recommended  that  additional  deep  soil  borings  be 
installed  east  of  the  existing  borings. 

6.2.1.2  Sampling  Objectives  and  Rationale 

The  objective  of  the  new  borings  is  to  characterize  the  remainder  of  the  unsaturated  zone 
within  the  topographic  depression,  where  there  is  the  highest  probability  of  a  continuing 
source  of  contamination.  These  new  data  in  conjunction  with  existing  soil  data  will  allow 
quantification  of  the  nature  and  extent  of  soil  contamination  at  Demo  1. 
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6.2.1. 


Sampling  &  Analysis  Methods  for  Soils  (2p 


Soil  borings  will  be  extended  using  a  hollow-stem  auger  drill  rig.  Lanes  for  drill  rig 
access  will  be  intrusively  cleared  of  all  magnetic  anomalies  to  a  depth  of  two  feet.  Figure 
6-1  indicates  the  proposed  boring  locations.  The  proposed  nine  borings  will  each  be 
advanced  using  a  down-hole  magnetometer  for  UXO  clearance  to  a  depth  of  12  feet.  Soil 
samples  will  be  collected  for  explosives  on  1-foot  intervals  from  3  to  16  ft  bgs  at  9 
locations.  Based  on  the  results  from  these  samples,  up  to  four  of  these  borings  will  be 
sampled  on  2-ft  intervals  from  1 6  ft  to  the  water  table,  approximately  44  ft.  Samples  will 
be  analyzed  for  explosive  compounds  using  USEPA  Method  8330. 

Sample  collection  will  be  consistent  with  MMR  Standard  Operating  Procedures  (SOPs), 
and  the  Ogden  Health  and  Safety  Guidelines,  Attachment  A:  Field  Guide  to  High 
Explosives.  Proposed  sampling  points  will  be  flagged  for  magnetic  anomalies  prior  to 
sampling,  and  sampling  points  adjusted  if  necessary  to  avoid  anomalies. 

In  addition  to  field  samples,  Quality  Assurance/Quality  Control  (QA/QC)  samples  will  be 
collected  as  described  in  the  QA/QC  Plan  (Ogden,  1999e).  This  includes  field  duplicates 
at  the  rate  of  10%  (rounded  to  the  next  whole  number)  of  the  field  samples,  field  blanks 
at  the  rate  of  one  per  sampling  event  per  water  source,  and  equipment  rinsates  at  the  rate 
of  1  per  day  per  decontamination  method. 

6.1.2.4       Sample  Identification 

Soil  samples  may  be  collected  from  borings  depending  based  on  photoionization  detector 
(PID)  field  screening  results.  Soil  samples  will  be  uniquely  identified  with  an  Ogden 
sample  ID  that  contains  a  reference  to  the  sample  location  (boring  number)  and  the 
sample  depth.  The  following  is  an  example  of  the  sample  ID: 

SB0010BAD 

The  sample  ID  is  broken  down  in  the  following  example,  to  describe  each  of  the 
components: 

SB -0010-  AA-A 

SB        Indicates  that  the  sample  being  collected  is  a  soil  boring  sample. 

0010     Indicates  the  boring  number  from  which  the  sample  was  collected. 

AA       Indicates  the  depth  from  which  the  sample  was  collected.  Depth  character  will  be 

"AA"  for  the  first  sample  (regardless  of  depth),  "BA"  for  the  second  sample,  etc. 
A  Indicates  the  type  of  sample. 

A  Original  Sample 

D  Duplicate  Sample 

E  Equipment  Rinsate 

F  Field  Blank 

T  Trip  Blank 
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For  example,  SB0010BAD  is  a  soil  boring  duplicate  sample  from  soil  boring  10,  from  the 
second  sample  depth  within  the  boring. 

6.2.2     Quality  Assurance  Project  Plan  (QAPP) 

Ogden  will  conduct  all  sampling  and  analysis  efforts  in  accordance  with  existing  QAPP 
protocols.  The  last  full  submittal  approved  by  the  USEPA  was  the  QA/QC  Plan  Revision 
3  (Ogden,  1999e).  Additional  revisions  (4-6)  have  been  submitted  in  the  form  of  change 
pages  through  the  present.  The  existing  QA/QC  Plan  will  be  updated  as  necessary  in  the 
future  to  meet  the  requirements  of  AO#3  as  has  been  done  in  the  past. 

■n 

6.3  Health  and  Safety  Plan  (HASP)  « 

I 

Ogden  will  conduct  all  field  operations  in  accordance  with  existing  HASP  (Ogden,  w 

1997a)  prepared  for  use  in  implementing  previous  work  efforts  at  MMR.  Addenda  will 
be  prepared  and  submitted  for  any  required  new  activities. 

6.4  Public  Involvement  Support  Plan  ^ 

In  March  2000  a  Draft  Public  Involvement  Plan  (PIP)  was  jointly  prepared  and  submitted 

to  the  USEPA  by  the  National  Guard  Bureau  and  the  Massachusetts  Army  National 

Guard  (MAARNG,  2000).  The  PIP  was  prepared  specifically  for  activities  to  be  _j 

conducted  in  accordance  with  the  requirements  of  AO#3.  The  PIP  builds  off  the  existing  §r 

Impact  Area  Review  Team  (IART)  and  ensures  public  involvement  in  all  work  required  ® 

byAO#3. 
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7.0        LONG  TERM  MONITORING  PLAN 


o 


7.1  Objectives 

The  objectives  of  the  long  term  monitoring  are  to  monitor  impacted  media  to  determine 
the  potential  changes  in  the  nature  and  extent  of  the  contamination  and  to  provide  data  to 
evaluate  seasonal  variability,  climatological  influence,  fate  and  transport,  and  background 
levels  for  COPCs  identified  at  each  AOC.  This  monitoring  data  will  be  used  ensure  that 
site  characterization  data  is  updated  as  necessary  throughout  the  FS  and  RD  process. 

7.2  Groundwater 

The  Draft  Interim  Long  Term  Groundwater  Monitoring  Plan,  Year  2000  (Ogden,  2000e) 
delineates  the  plan  for  monitoring  groundwater  at  Camp  Edwards.  The  Interim  Long 
Term  Groundwater  Monitoring  (LTGM)  Plan  in  conjunction  with  ongoing  monitoring 
well  installation  and  groundwater  sampling  programs  provides  a  site  wide  systematic 
approach  to  continuing  proactive  groundwater  monitoring.  This  program  will  provide  the 
necessary  data  to  characterize  the  nature  and  extent  of  contamination  and  to  evaluate  the 
risks  to  human  health  and  the  environment  at  the  AOCs. 

The  primary  objective  of  the  Interim  LTGM  Plan  is  to  monitor  the  distribution  of 
explosives  in  groundwater  at  and  downgradient  of  release  areas  identified  during  the 
I  AGS.  These  data  will  be  reviewed  on  an  annual  basis  to  determine  if: 

•  the  type  of  explosives  detected  in  groundwater  changes,  or 

•  the  areal  distribution  of  explosives  increases  or  decreases. 

The  Interim  LTGM  Plan  also  addresses  infrequently  detected  VOCs,  pesticides, 
herbicides,  and  the  two  metals  molybdenum  and  antimony. 

Another  objective  of  the  Interim  LTGM  Plan  is  to  monitor  the  quality  of  potable  and  non- 
potable  supply  wells.  This  aspect  of  the  Plan  was  implemented  as  an  interim  measure 
pursuant  to  the  Draft  Workplan  for  Completion  of  Phase  I  Activities  (Ogden.  1998b). 

The  final  consideration  is  to  evaluate  the  effectiveness  of  source  removal  actions.  This 
objective  will  become  more  significant  after  the  first  few  years  of  the  Interim  LTGM 
Plan,  as  remediation  efforts  are  completed. 

The  rationale  for  wells  selected  and  analysis  to  be  performed  for  the  calendar  year  2000 
is  based  on  the  accumulated  groundwater  quality  data  since  inception  of  the  I  AGS. 
Based  on  these  same  initial  data,  the  second  year  of  interim  monitoring,  and  groundwater 
quality  data  from  ongoing  studies,  the  Interim  LTGM  Plan  will  likely  be  modified  for  the 
>ear  2001 .  With  each  revision  to  the  Plan  the  most  appropriate  monitoring  wells  will  be 
included  to  continually  evaluate  groundwater  quality  conditions  in  the  aquifer,  and  to 
protect  existing  and  proposed  drinking  water  supplies.  For  each  AOC,  the  groundwater 
monitoring  will,  at  a  minimum,  continue  until  the  issuance  of  the  100%  RD. 
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As  analytical  data  accumulates  over  the  next  few  years,  statistical  methods  will  become  a 
more  valued  tool  for  evaluating  the  seasonal  variability,  climatological  influence,  fate  and 
transport,  and  background  levels.  Population  statistics  or  similar  evaluations  may  be 
conducted,  as  part  of  the  Year  2001  Plan,  to  evaluate  the  less  frequently  detected 
compounds.  Specific  statistical  and/or  mathematical  techniques  to  be  used  to  evaluate 
the  data  will  be  identified  in  subsequent  LTGM  Plans. 

7.3        Surface  Water  and  Sediment 

No  surface  water  or  sediment  that  has  been  impacted  by  contamination  from  the  AOCs  3 

identified  in  Appendix  B  of  AO#3  has  been  identified  to  date.  Therefore,  long  term  c 

monitoring  of  surface  water  and  sediment  is  not  proposed  at  this  time.  If  subsequent 
investigations  indicate  impacts  to  surface  water  and/or  sediment  a  long  term  monitoring 
plan  will  be  developed  as  needed. 


u 

I 
■ft 
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8.0        SCHEDULE 

Gantt  chart  schedules  for  each  AOC  are  provided  in  Figures  8-1  to  8-4.  Each  schedule 
shows  site  characterization  activities  that  are  underway  under  the  IAGS  Program  and  the 
FS  activities  proposed  under  AO#3.  The  dependencies  between  the  two  types  of 
activities  are  illustrated  in  the  Gantt  charts  and  described  in  Section  8.1  for  each  AOC. 
The  Gantt  chart  columns  indicate  for  each  activity  whether  its  completion  is  proposed  as 
an  enforceable  milestone,  the  remaining  duration  in  working  days,  and  start  and  finish 
dates.  USEPA  has  approved  the  enforceable  milestones  for  site  characterization  activities 
except  where  noted  in  Section  8.1.  The  schedules  will  continue  to  be  updated  on  a 
monthly  basis  and  will  be  included  with  all  future  FS/RD/RA  document  submittals. 

RD  and  RA  activities  are  not  included  in  the  schedules  at  this  time.    The  remedial 
alternative  selected  for  the  AOCs  or  OUs  directly  impacts  the  durations  for  completion  of 
the  design  and  remediation.  Schedules  for  the  RD  and  RA  components  will  be  added  at  a 
later  date  when  potential  remedial  alternatives  are  better  identified.  The  anticipated 
required  tasks,  subtasks  and  duration  (where  appropriate)  for  RD  and  RA  activities  are 
provided  in  Section  8.2. 

Figure  1-2  depicts  the  relative  timing  and  flow  of  activities  required  to  complete  the 
remediation  at  an  AOC  or  OU.  Figure  1-3  identifies  the  tasks,  objectives  and  associated 
documents  for  each  of  the  components  of  the  remediation  process. 

There  are  several  factors  that  can  influence  the  overall  schedule  for  completion  of  the  FS 
at  an  AOC;  (1)  ability  to  overlap  timelines  of  steps,  (2)  extent  of  post-screening 
investigations  required  (if  necessary)  and  (3)  ability  to  make  use  of  previously  generated 
data  and  evaluations  from  one  AOC  for  similar  efforts  at  other  AOCs. 

The  schedules  currently  provide  for  overlapping  of  the  execution  timelines  for  the 
completion  of  site  characterization  and  initiation  of  the  development  and  initial  screening 
of  alternatives  for  a  specific  AOC  or  OU.  The  degree  to  which  this  overlap  occurs  is 
dependent  upon  the  overall  understanding  of  the  conceptual  site  model  and  the  existing 
level  of  characterization  available.  Overlapping  of  the  activities  is  ongoing  as  evidenced 
by  the  identification  of  potential  technologies  for  soil  and  groundwater  for  the  AOCs. 
This  process  is  conducted  in  an  iterative  fashion  where  information  flows  back  and  forth 
between  the  two  activities.  Therefore,  the  technologies  may  need  to  be  updated  as  new 
site  characterization  information  is  obtained  and  interpreted. 

Post-screening  investigations  may  not  be  required.  The  need  for  collection  of  additional 
data  will  be  based  upon  the  type  of  alternatives  that  are  developed  and  pass  the  initial 
screening.  Typically,  innovative  and  undemonstrated  technologies  require  bench  and/or 
pilot  scale  studies  to  help  determine  their  applicability  to  the  specific  AOC.  Previously 
demonstrated  technologies  may  not  require  additional  data  collection  prior  to  the  detailed 
evaluation  of  alternatives. 
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It  is  likely  that  evaluations  and  assessments  conducted  for  one  AOC  could  be  useful  in 
completing  similar  evaluations  and  reports  for  other  AOCs.  This  could  condense  the 
timelines  for  some  tasks. 

The  National  Guard  is  committed  to  expediting  the  process  to  select  an  appropriate 
remedial  alternative  for  the  AOCs  while  maintaining  adherence  to  technical 
requirements,  effective  coordination  with  regulatory  agencies,  and  appropriate  public 
involvement.  AOCs  will  be  subdivided  into  OUs,  where  appropriate,  to  accelerate  the 
remedy  selection  and  implementation  process  for  OUs  where  characterization  is  nearer 
completion.  The  schedules  for  some  of  the  later  AOCs  and/or  OUs  may  be  able  to  be 
condensed  if  similar  media  and  contaminants  of  concern  are  identified  as  those  evaluated 
for  previous  sites. 


8.1        Proposed  Site  Characterization  and  Feasibility  Study  Schedule 

Proposed  schedules  for  each  of  the  AOCs  provided  in  Figures  8-1  to  8-4  are  discussed  in 
the  following  sections. 

8.3.1     Demo  1 

Site  Characterization  activities  include  nature  and  extent  investigations  specific  to  Demo 
1  (activities  001 10  -  00200)  and  fate  and  transport  modeling  that  is  generally  applicable 
to  all  areas  (activities  07100  -  07140).  The  nature  and  extent  investigations  include  soil 
and  groundwater  studies  pursuant  to  implementation  of  the  Response  Plan  for  Demolition 
Area  1  (Ogden,  1999b)  (activities  001 10  to  00150),  geophysics  investigations  pursuant  to 
implementation  of  the  munitions  survey  (activities  00160  -  00170),  and  the  additional 
deep  soil  investigation  proposed  in  this  FSWP  (activities  00180  -  00200).  The  deep  soil 
investigation  will  be  the  last  of  these  activities,  and  will  be  initiated  on  approval  of  this 
FSWP.  The  completion  of  the  draft  report  for  the  deep  soil  investigations  is  proposed  as 
the  final  nature  and  extent  information  needed  to  complete  the  Development  and  Initial 
Screening  of  Alternatives  Report  for  the  Soil  OU.  The  initial  screening  report  for  the  Soil 
OU  also  requires  PRGs  to  be  developed  from  the  fate  and  transport  modeling.  The 
modeling  is  in  the  critical  path  for  the  Soil  OU  FS  because  it  is  scheduled  to  be 
completed  after  the  nature  and  extent  investigations. 

FS  activities  include  completion  of  this  workplan  (activities  201 10  -  20140)  and,  for  each 
OU,  completion  of  the  Development  and  Initial  Screening  of  Alternatives  Report,  post- 
screening  planning  and  investigations  if  needed,  and  the  FS.  Screening  reports  for  the 
soil  and  groundwater  OUs  are  initiated  upon  approval  of  the  FSWP,  but  completion  of 
the  screening  report  for  the  Soil  OU  relies  on  the  completion  of  the  fate  and  transport 
modeling  as  indicated  above.  Therefore,  the  FS  activities  for  the  Groundwater  OU  are 
expected  to  be  completed  ahead  of  the  comparable  activities  for  the  Soil  OU. 
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8.1.2  Central  Impact  Area 

Site  Characterization  activities  include  nature  and  extent  investigations  specific  to  the 
Central  Impact  Area  (activities  00210  -  00282),  including  the  munitions  survey  of  High 
Use  Target  Area  1  (HUTA1)  (activities  01110-01 195),  and  fate  and  transport  modeling 
that  is  generally  applicable  to  all  areas  (activities  07100  -  07140).  The  nature  and  extent 
investigations  include  soil  and  groundwater  studies  currently  underway  pursuant  to 
implementation  of  the  Final  Phase  11(a)  Response  Plan  for  Impact  Area  RDX  Detections 
in  Groundwater  (Ogden,  2000b)  (activities  00210  -  00270),  and  an  additional  Response 
Plan  (activities  00272  -  00282)  that  is  expected  to  be  needed  based  on  preliminary  results 
from  the  current  work.  The  schedule  for  the  additional  Response  Plan  required  to 
delineate  the  nature  and  extent  of  downgradient  groundwater  has  not  been  previously 
reviewed  or  accepted  by  USEPA.  The  Guard  proposes  to  begin  planning  for  this 
Response  Plan  in  early  May  2000,  as  the  current  fieldwork  is  nearing  completion.  The 
completion  of  the  draft  report  for  the  additional  Response  Plan  (activity  00276)  is 
proposed  as  the  final  characterization  information  needed  to  complete  the  Development 
and  Initial  Screening  of  Alternatives  Report  and  is  proposed  as  an  enforceable  milestone 
(00278).  Other  site  characterization  data  needed  for  the  screening  report  include  draft 
results  of  the  HUTA1  study  and  fate  and  transport  modeling,  but  neither  of  these 
activities  is  currently  in  the  critical  path. 

FS  activities  include  completion  of  this  workplan  (activities  201 10  -  20140),  the 
Development  and  Initial  Screening  of  Alternatives  Report  (221 10  -  22140),  post- 
screening  planning  and  investigations  if  needed  (22150  -  22200),  and  the  FS  (22210  - 
22240).  The  Screening  Report  is  initiated  upon  workplan  approval,  but  completion  is 
dependent  on  nature  and  extent  studies  as  indicated  above. 

8. 1 .3  Southeast  Corner  of  the  Ranges 

Site  Characterization  activities  include  nature  and  extent  investigations  for  the  J-2  Range 
(activities  00310  -  00397)  and  the  J-1/J-3/L  Ranges  (activities  00400  -  00497),  and 
fate/transport  modeling  that  is  generally  applicable  to  all  areas  (activities  07100  -  07140). 
The  nature  and  extent  investigations  for  the  J  Ranges  are  currently  being  planned.  Since 
these  are  the  first  detailed  investigations  of  the  J  Ranges,  the  Guard  expects  that  these 
studies  may  not  be  conclusive  regarding  the  nature  and  extent  of  contamination. 
Therefore,  additional  delineation  of  contaminants  has  been  included  in  the  schedules  for 
the  J-2  Range  (activities  00392  -  00397)  and  the  J-1/J-3/L  Ranges  (activities  00492  - 
00497).  The  schedules  for  these  additional  studies  have  not  been  previously  reviewed  or 
accepted  by  USEPA.  The  Guard  proposes  to  begin  planning  for  each  additional  study  as 
the  initial  fieldwork  is  nearing  completion.  The  completion  of  the  draft  report  for  the 
additional  studies  (activities  00394  and  00494)  are  proposed  as  the  final  site 
characterization  information  needed  to  complete  the  Development  and  Initial  Screening 
of  Alternatives  Report  and  are  proposed  as  enforceable  milestones  (00395  and  00495). 
The  results  of  fate  and  transport  modeling  are  also  needed  to  complete  the  screening 
report,  but  this  activity  is  not  currently  in  the  critical  path.  A  Response  Plan  (Ogden, 
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2000c)  is  currently  underway  for  the  J-l/J-3  Range  area  based  on  groundwater  detections 
of  RDX  (activities  00400  -  00405). 

FS  activities  include  completion  of  this  workplan  (activities  201 10  -  20140),  the 
Development  and  Initial  Screening  of  Alternatives  Report  (231 10  -  23140),  post- 
screening  planning  and  investigations  if  needed  (23150  -  23200),  and  the  FS  (23210  - 
23240).  The  Development  and  Initial  Screening  of  Alternatives  Report  is  initiated  upon 
workplan  approval,  but  completion  is  dependent  on  nature  and  extent  studies  as  indicated 
above. 


8.1.4     UXO 
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C 

Site  Characterization  activities  include  geophysics  investigations  for  Demo  Area  1  {J| 

(activities  00160  -  00170),  the  J-2  Range  (00365  -  00367),  the  J-l/J-3  Range  (00465  - 

00467),  the  Gun/Mortar  Positions  (00515),  the  HUTA  1  (01 1 10  -  01 195),  the  Water 

Bodies  (01210  -  01220),  the  Slit  Trench  (01310  -  01320),  and  fate  and  transport  modeling 

that  is  generally  applicable  to  all  areas  (activities  07100  -  07140).  The  FS  activities  are 

divided  into  two  Operable  Units;  the  HUTA1,  and  all  other  areas.  USEPA  has  directed 

that  the  draft  FS  for  HUTA1  (24160)  is  due  45  days  from  completion  of  the  draft  HUTA1 

report  (01 170).  The  Development  and  Initial  Screening  of  Alternatives  Report  for 

HUTA1  is  initiated  upon  workplan  approval,  but  completion  is  dependent  on  completing  H 

the  fate  and  transport  modeling  (07140).  Based  on  the  modeling  task  timeline  and  the  2 

USEPA  requirement  for  the  draft  FS,  preparation  of  the  final  screening  report  and  the  % 

draft  FS  will  overlap  for  HUTA1.  No  post-screening  investigations  are  envisioned  for 

HUTA1,  as  the  site  characterization  is  expected  to  provide  all  of  the  information  needed 

for  the  FS. 

For  the  non-HUTAl  areas,  FS  activities  include  the  screening  report  (24210  -  24240), 
post-screening  planning  and  investigations  if  needed  (24250  -  24300),  and  the  FS  (24310 
-  24340).  The  screening  report  is  initiated  upon  workplan  approval,  but  completion  is 
dependent  on  fate  and  transport  modeling  (07140)  and  completion  of  the  various 
geophysics  investigations  (00170,  00367,  00467,  00515,  01220,  01320).  The  modeling  is 
in  the  critical  path  as  it  has  the  longest  timeline  of  the  predecessors  for  the  screening 
report. 

8.2        Remedy  Selection  Process 

The  FS  provides  the  basis  for  the  decision-makers  to  select  the  remedy,  but  does  not 
identify  the  proposed  remedy.  The  selection  of  the  proposed  remedy  will  be  reached 
through  a  collaborative  process  among  the  Guard,  USEPA,  MADEP  and  the  public  that 
takes  place  throughout  the  site  characterization  and  FS  process  via  review  of  documents, 
public  and  technical  meetings,  and  other  means  of  communication  such  as  fact  sheets  and 
poster  board  sessions. 
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The  Remedy  Selection  Plan  will  be  prepared  and  submitted  concurrent  with  the  Final  FS 
Report  and  upon  approval  will  be  distributed  for  public  comment.  The  Remedy  Selection 
Plan  will  summarize  the  characterization  data  and  FS  Report  and  identify  the  proposed 
Remedial  Alternative  that  provides  the  best  balance  of  the  evaluation  criteria  for  an  AOC 
or  OU.  Upon  incorporation  of  agency  and  public  comments,  a  Decision  Document  will 
be  prepared.  The  Decision  Document  details  the  specific  components  and  performance 
objectives  of  the  remedy  and  provides  an  official  record  of  the  remedy  selection. 

AO#3  does  not  require  preparation  of  a  Remedy  Selection  Plan.  However,  it  is  included 
in  the  remediation  process  to  facilitate  public  participation  in  the  remedy  selection 
process. 

8.3        Remedial  Design  and  Remedial  Action 

RD  activities  will  be  initiated  upon  selection  of  a  remedial  alternative  for  an  AOC  or  OU. 
The  anticipated  activities  to  be  conducted  for  the  RD  and  RA  and  proposed  due  dates  are 
outlined  in  Table  8-1. 

The  duration  of  the  RA  for  an  AOC  or  OU  will  depend  on  several  factors,  such  as  the 
COCs,  PRGs,  volume/mass  to  be  remediated,  and  the  selected  remedy.  The  due  dates 
identified  in  Table  8- 1  are  the  same  as  those  specified  in  AO#3 .  The  Guard  intends  to 
meet  or  exceed  the  timelines  specified  in  AO#3.  Detailed  schedules  for  the  RD  and  RA 
will  be  submitted  as  part  of  the  RD  and  RA  Work  Plans. 
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Table  2-2 

Camp  Edwards  Gun  and  Mortar  Positions 
Feasibility  Study  Work  Plan 

(Stateplane,  NAD83,  Zone  4151,  meters) 


Gun  &  Mortar  Position  ID 

Easting  (x- 
coordinates) 

Northing  (y- 
coordinates) 

Area 
(acres) 

Gun  Positions 

GP-l-OLD 

278105.97 

825582.38 

50 

GP-2 

277976.19 

828752.44 

51 

GP-2-OLD 

278440.22 

825533.94 

52 

GP-3-OLD 

278661.63 

825490.38 

53 

GP-3-OLD 

278848.84 

826276.31 

63 

GP-4-OLD  (Howe) 

278648.91 

826270.50 

55 

GP-4-OLD  (Turpentine) 

279655.70 

826117.01 

56 

GP-5 

278446.03 

826364.63 

57 

GP-6 

279237.50 

826818.13 

58 

GP-7 

278978.31 

826870.56 

17 

GP-8 

278454.09 

826963.06 

59 

GP-9 

279387.97 

826210.94 

GP-10 

279232.88 

826232.56 

60 

GP-11 

278979.69 

826244.69 

61 

GP-12 

278344.88 

833265.94 

62 

GP-14 

277806.72 

833719.88 

54 

GP-15-OLD 

278323.69 

827471.75 

64 

GP-16 

277610.63 

833662.31 

16 

GP-17 

279615.41 

834303.63 

65 

GP-18 

279418.34 

834197.81 

18 

GP-19-OLD 

277345.42 

832756.43 

66 

GP-20 

279135.94 

833589.19 

67 

GP-22 

280526.88 

833929.94 

68 

GP-24 

277073.47 

828826.13 

69 

Mortar  Positions 

MP-1 

279828.22 

827005.31 

70 

MP-l-OLD 

278452.56 

828886.38 

71 

MP-2 

279325.44 

827090.69 

72 

MP-2-OLD 

276887.75 

830391.69 

73 

MP-3 

278496.47 

828067.13 

20 

MP-3-OLD 

277113.03 

831499.30 

74 

MP-4 

278487.72 

828367.06 

75 

MP-5 

278515.34 

828820.69 

21 

MP-6 

278516.97 

828877.94 

20 

MP-7 

278570.22 

828969.88 

76 

MP-8 

278507.28 

829024.81 

19 

MP-9 

282976.85 

831031.13 

77 

Former  F  Range 

278913.03 

825575.06 

78 

Former  H  Range 

281679.96 

827699.35 

79 

Table  2-6  includes  most  of  the  known  current  and  former  firing  positions  for  artillery  and  mortar,  as 
identified  in  the  Archive  Search  Report  (US ACE,  1999). 
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Table  2-4 

Surface  Clearance  UXO  Discoveries 

Feasibility  Study  Work  Plan 


Phase  II 

Landmark 

Size 

Ordnance 

Quantity 

Study  Area  Survcyd 

(sq  ft) 

Type 

Found 

Gun  Position  1  (old) 

Grid  A-N  -14 

6.776 

Gun  Position  2 

GridA-N  -14 

6.776 

Gun  Position  2  (old)  Along  Herbert  Road 

Grid  A-Q  -17 

8,228 

Gun  Position  3  (old)  Along  Herbert  Road 

Grid  A-T  -20 

9.680 

Gun  Position  3  (old)  Along  Howe  Road 

Grid  A-F  -6 

2.904 

Gun  Position  4  (old)  Along  Howe  Road 

GndA-I  -9 

4,356 

Gun  Position  4  (old)  Off  of  Turpentine  Road 

GndA-H  -8 

3.872 

Gun  Position  5 

Grid  A  -1 

484 

Gun  Position  6 

Grid  A-H.   MW-64  -8 

3.872 

Gun  Position  8 

Grid  A-G  -7 

3,388 

Gun  Position  10 

GndA-I   -9 

4.356 

Gun  Position  1 1 

Grid  A-J  -10 

4.840 

Gun  Position  12 

Grid  A-C  -3 

1.452 

Gun  Position  14 

Grid  A-C.   MW-65  -3 

1.452 

Gun  Position  15  (old) 

Grid  A-I   MW-20&32  -9 

4.356 

Gun  Position  17 

Grid  A-B  -2 

968 

Gun  Position  19  (old) 

Grid  A-R  -18 

8.712 

Gun  Position  20 

Grid  A-F    MW-67  -6 

2.904 

Gun  Position  22 

Grid  A-E  -5 

2.420 

Gun  Position  24 

Grid  A-G  -7 

3.388 

Mortar  Position  1 

Grid  A-B    MW-68  -2 

968 

Mortar  Position  1  (old) 

Grid  A-B  -2 

968 

Mortar  Position  2 

Grid  A-B  -2 

968 

Mortar  Position  2  (old) 

Grid  A-R  -18 

8,712 

Mortar  Position  3  (old) 

Grid  A  -1 

484 

Mortar  Position  4 

Grid  A-D    MW-70  -4 

1 .936 

Mortar  Position  7 

Grid  A-C    MW-71    -3 

1.452 

Mortar  Position  9 

Grid  A  - 1 

484 

Mortar  Positions  at  old  H  Range 

Grid  A-Q  -17 

x.;:s 

F  Range 

Grid  A-Q  03WT0021&03MW0707  -17 
Total  Gnds=243 

8.228 

Target  1 

Buoy    MW-1    -20'R 

1.258 

Target  2 

Not  Found 

Target  3 

Tank    MW-25  -25'R 

1.966 

Target  4 

APC    MW-25  -20'R 

1.258 

Target  5 

Buoy    MW-25  -20'R 

1.258 

Target  6 

APC    -20'R 

1.258 

Target  7 

APC    -20'R 

1.258 

Target  8 

Not  Observed 

Target  9 

Buoy    PMT2  -20'R 

1.258 

Target  10 

Buoy    PMT2  -20'R 

1.258 

Target  1  1 

APC    PMT2  -20'R 
Total  Targets=9 

1.258 

Ground  Scar  7  (around  buoy.  20'R) 

1,258 

Ground  Sear  8  (2  grids.  22'\22') 

Grid  A-B  -2 

968 

Ground  Scar  9  (6  grids.   22'x22') 

Grid  A-F  -6 

2.904 

Pit  1  (2  grids    22'x22') 

Grid  V-W  -2 

968 

Excavation  2  (3  grids.  22'x22') 

Grid  A-C  -3 

1.452 

Bunker  1  (CS-19)  (3  grids    22'x22') 

Grid  A-C  -3 

Total  Gnds=  16 
Total  Targets=l 

1.452 

Total  Area  Surveyed 

138.647 
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Table  2-4  (continued) 

Surface  Clearance  UXO  Discoveries 

Feasibility  Studv  Work  Plan 


Phase  I 

Landmark 

Size 

Ordnance 

Quantity 

Study  Area  Survcyd 

(sq  ft) 

Type 

Found 

1 

MW-3 

9.000 

: 

MW-2  &  MW-26 

59.600 

-< 

3 

MW-I 

15.000 

4 

MW-27 

7,650 

6 

MW-7 

15.000 

7 

V1W-S 

13,800 

8 

Succonsettc  Pond 

13.860 

2.36"  rocket  HEAT 

1 

II 

MW-25 

33.480 

12 

MW-19 

4.500 

13 

MW-I  6 

6,550 

14 

Control 

4.500 

15 

Site  6 

1.800 

16 

GP-16 

10.800 

17 

GP-7 

10.800 

18 

GP-18 

7.200 

19 

MP-8 

2.700 

40mm  M9IS  Training 

1 

20 

MP-6 

2.100 

21 

MP-3,  MP-5 

9,000 

22 

OP-5.6.7 

1  ank  Alley  Grids 
Turpentine  Road  cinds 

4.500 
33.075 
5.580 

loial  Area  Surveyed 

270.495 

» 
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Table  2-5 

Intrusive  Clearance  UXO  Discoveries 

Feasibility  Study  Work  Plan 


Phase  II 

Landmark 

Size 

Ordnance 

Quantity 

Density 

Study  Area 

(sq  ft) 

Type 

Found 

(rnds/acre) 

Target  4/MW-25 

NA 

37mm  HE 

1 

MW-31 

10.000 

MW-32 

10.000 

MW-33 

10,000 

MW-34 

13,450 

MW-35 

10.000 

MW-36 

15,175 

MW-37 

16.038 

4.2'  mortar  HE 

13.58 

MW-37 

105mm 

MW-37 

Smoke  Cannister 

MW-37 

Smoke  Cannister 

MW-37 

37mm  W38  Practice  Fuse 

MW-38 

10,000 

81mm 

4.36 

MW-39 

1 0.000 

81mm  mortar  HE 

4.36 

MW-40 

12.588 

105mm 

2 

13.84 

MW-40 

155mm  HE 

2 

MW-41 

1 0,000 

MW-42 

10.000 

MW-43 

10,000 

MW-44 

18.625 

MW-45 

10.000 

MW-46 

10.000 

MW-47 

10.000 

MW-48 

12.588 

MW-49 

12.588 

MW-50 

10.000 

MW-51 

1 0.000 

MW-52 

18.625 

MW-53 

15.175 

MW-54 

10,000 

MW-55 

13.450 

MW-56 

10.000 

MW-57 

10.863 

MW-58 

10.000 

81mm  HE 

2 

8.71 

MW-59 

14.313 

MW-60 

60.025 

MW-61 

10.000 

MW-62 

11.725 

MW-63 

13.450 

MW-64 

10.000 

MW-65 

10.000 

MW-66 

10.000 

MW-67 

16.038 

MW-68 

10.000 

MW-69 

10.000 

MW-70 

10,863 

MW-71 

16.900 

MW-72 

14.313 

MW-73 

10.000 

MW-74 

10.863 

MW-75 

10.863 

MW-76 

10.863 

MW-77 

10.863 
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Table  2-5  (continued) 

Intrusive  Clearance  UXO  Discoveries 

Feasibility  Study  Work  Plan 


■^'.'hasc  II 

Landmark 

Size 

Ordnance 

Quantity 

Density 

Study  Area 

(sq  ft) 

Type 

Found 

(rnds/acrc) 

MW-78 

16.038 

MW-79 

10.000 

N 

MW-80 

10.000 

MW-81 

10,000 

MW-82 

10.000 

MW-83 

10.000 

MW-84 

10.000 

MW-85 

NA 

MW-86 

NA 

MW-87 

NA 

MW-88 

NA 

APC  ("N  of  M W- 1  .Near  Debris  Pile) 

6inHE 

1 

Avery  Rd(MW-42) 

37mm 

7 

CS-19 

105mm  HE 

1 

CS-19 

155mm  HE 

1 

CS-19 

155  LITR 

1 

CS-19 

M9AI  Rillegrenade 

4 

Debris  Pile  (Near  APC) 

35mm  Practic  Rocket 

2 

Debris  Pile  (Near  APC) 

8"  Naval  Projectile  -Not  HE 

1 

Debris  Pile  (Near  APC) 

7"  Naval  Projectile  -Not  HE 

2 

Debris  Pile  (Near  APC) 

175mm  Projectile  -Not  HE 

2 

Debris  Pile  (Near  APC) 

6"  Projectile  (Non-standard  Design)  -Not  HE 

1 

Debris  Pile  (Near  APC) 

3.5"  Rocket  HEAT  (Complete  Round)  -Not  HE 

122 

\m 

Debris  Pile  (Near  APC) 

3.5"  Rocket  1  IE  AT  (Warheads  Only)  -Not  HE 

45 

Demolition  Area  1 
Demolition  .Area  1 
Demolition  Area  1 

3.5"  M28  Rocket  HE 
3.5"  M28  Rocket  HE 
Partial  Flare  Casing 

1 
1 
1 

Demolition  Area  1 

Explosive  Compound  C-4 

4 

Demolition  Area  1 

}.5"  Rocket  HE 

1 

Demolition  Area  1 

35mm  HE 

1 

J-l  Range 

60mm  Mortar  WP 

1 

P-9/MW-85 

10.000 

4.2"  mortar  HE 

1 

17.42 

P-9 

4.2"  Mortar  HE 

1 

P-9 

81mm  HE 

1 

P-9 

155mm  Projectile  HE 

1 

Tank  Alley  Rd 

10.350 

8 1  mm  Vlortar  HE  (Determined  Inert  alter  BIP) 

10 

Tank  Alley  Steel  Pit  (J-l  Range) 

62.100 

81  mm 

1 

0.70 

Tank  Alley  L'XO  Pit  (J-l  Rangel 

80mm 

1 

Target  9 

NA 

4.2"  mortar  HE 

1 

Turpentine  Rd 

43.125 

81mm  HE 

-) 

2.02 

Total  Area  Surveyed 

801.857 

Phase  1 

Stud>  Vrea 

1 

MW-3 

59.050 

155mm  ejection 

1 

0.73 

2 

MW-2&  MW-26 

30.000 

155mm  ejection 

2 

10.16 

-> 

MW-2&  MW-26 

155mm  projectile  HE 

2 

"» 

MW-2&  MW-26 

105mm  projectile  HE 

1 

"■lift 

MW-2&  MW-26 

81mm  mortar  HE 

1 

^g»  / 

MW-2&  MW-26 

8  1  mm  mortar  illumination 

1 

2 

MW-2&  MW-26 

2.25"  Training  Rockets  (Inert) 

200+ 

3 

MW-I 

24.1)00 

105mm  projectile  HE 

2 

3.63 
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Table  2-5  (continued) 

Intrusive  Clearance  UXO  Discoveries 

Feasibility  Study  Work  Plan 


Phase  I 

Landmark 

Size 

Ordnance 

Quantity 

Density 

Study  Area 

(sq  ft) 

Type 

Found 

(rnds/acre) 

4 

MW-27 

13.650 

105MM  projectile  HEAT 

3 

12.76 

4 

MW-27 

105MM  projectile  HE 

1 

5 

.1  Range 

9.950 

81mm  mortar  HE 

1067 

5 

J  Range 

81mm  mortar  illumination 

4 

5 

J  Range 

60mm  mortar  spotting 

57 

5 

J  Range 

105mm  projectile  HE 

2 

5 

J  Range 

105mm  projectile  HEAT 

2 

5 

J  Range 

M52  series  PD  fuses 

134 

6 

MW-7 

34.000 

7 

MW-8 

38.050 

9 

MW-4 

11.250 

10 
11 

MW-5 
MW-25 

62,500 
19.710 

12 

MW-19 

26.250 

30mm  projectile  HE 

3 

6.64 

12 

MW-19 

3.5"  rocket 

1 

13 

MW-16 

26,250 

13 

MW-6 

11,250 

105mm  projectile  HEAT 

4 

30.98 

13 

MW-6 

105mm  projectile  HE 

1 

13 

MW-6 

81mm  mortar  HE 

1 

13 

MW-6 
MW-9 
MW-11 
MW-12 
MW-13 
MW-14 
MW-I5 
MW-28 
MW-29 
Stormvvater 
Tank  Alley 

11,250 
11,250 
11.250 
11,250 
9,750 
11.250 
11.250 
11,250 

250 
31.680 

60mm  mortar 

2 

Turpentine  Rd.  &  decon.  Pad 

87.360 

81mm  mortar  HE 

2 

1.99 

Turpentine  Rd.  &  decon.  Pad 

60mm  mortar  HE 

2 

Spruce  Swamp  Rd. 

39.600 

2"  mortar  HE 

4 

5.50 

Spruce  Swamp  Rd. 

60mm  mortar  HE 

1 

Pocasset/Sandwich  Rd. 

146.520 

105mm  projectile  WP 

1 

0.59 

Pocasset/Sandwich  Rd. 

4.2"  mortar  illumination 

1 

Wheelock  Rd. 

114.210 

Jefferson  Rd. 

87,120 

Chadwiek  Rd. 

55,440 

Barlow  Rd. 

153.780 

Wood  Rd. 

118.800 

Indian  Trail  Rd. 

47.520 

81mm  mortar  HE 

2 

3.67 

Indian  Trail  Rd. 

4.5"  Hedge  Hog  rocket  HE 

2 

Total  Area  Surveyed 

1,337.290 
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Table  5-1 

Potential  Soil  Remedial  Technologies 
Feasibility  Study  Work  Plan 


Ex-Situ  Soil  Alternatives 

In-Situ  Soil  Alternatives 

•  No  Action 

•  No  Action 

•  Off-Site  Landfill  Disposal 

•  Landfarming 

•  Composting 

•  Thermal  Blanket 

•  Biotreatment 

•  Electrokinetics 

•   White  Rot  Fungus 

•  Deep  Soil  Mixing 

•  Incineration 

•  Soil  Flushing 

•  Low  Temperature  Thermal  Desorption 

•  Phytoremediation 

•  Capping 

* 


Section  5  fables 


04/(15/00 


Table  5-2 

Potential  Groundwater  Remedial  Technologies 
Feasibility  Study  Work  Plan 


Ex-Situ  Groundwater  Alternatives 

In-Situ  Groundwater  Alternatives 

•  No  Action 

•  No  Action 

•  Hydraulic  Containment 

•  Impermeable  Barrier  Wall 

-  Carbon  Treatment 

•  Reactive  Barrier  Wall 

-  BioReactor  Treatment 

•  Recirculation  Well 

-  Zero-Valent  Iron  Treatment 

•  Chemical  Oxidation 

-  Catalytic  Oxidation  Treatment 

•  Monitored  Natural  Attenuation 

-  Ultraviolet  Oxidation  Treatment 

Section  5  Tables 


04/05/00 


Table  5-3 

Feasibility  Study  Data  Requirements 

Potential  Soil  Remedial  Technologies 

Feasibility  Study  Work  Plan 


Potential  Remedial 
Technology 

Data  Needed1 

GO 

in 

'o 

s 

'5 
go 

Grain  Size  /  Hydraulic 
Conductivity 

Q. 

a 

'2 

5 

Q. 

O 

u 

Q 

15 

5 

a. 

O 

O 

Electrical 
Conductivity 

«5 

33 

ea 

Q_ 

en 

.2 
« 

o 

ea 
U 

No  Action 

Off-Site  Landfill  Disposal 

/ 

Biotreatment  (including  composting, 
white  rot  fungus  &  land  farming) 

/ 

/ 

/ 

/ 

Incineration 

/ 

/ 

/ 

/ 

Low  Temp  Thermal  Desorption 

/ 

/ 

/ 

/ 

Thermal  Blanket 

/ 

/ 

Electrokinetics 

/ 

/ 

/ 

/ 

/ 

/ 

Deep  Soil  Mixing 

/ 

y 

Soil  Flushing 

• 

/ 

• 

Phytoremediation 

/ 

/ 

/ 

/ 

Capping 

/ 

/ 

Footnotes: 

This  table  lists  preliminary  data  requirements.  More  detailed  and  alternative  specific  feasibility 
study  data  requirements  may  be  determined  during  the  initial  screening  and  reported  in  the  Post- 
Screening  Investiuation  Work  Plan. 


~* 


'  Thermal  parameters,  depending  on  the  technology/facility,  typically  include:  heating  value  of 
waste:  halogens:  oversized;  parameters  restricted  by  permit  (e.g..  PCBs.  cyanide, 
jDentachlorophenol). 

'  Vv  aste  classification  parameters  for  soil  include,  depending  on  certification:  toxicity 
characteristic  leaching  procedure  (TCLP),  cyanide  reactivity,  sulfur  reactivity  and  corrosivity. 
Waste  classification  also  requires  consideration  of  potential  land  disposal  restrictions. 


Section  5  Tables 


04/05/00 


Table  5-4 

Summary  of  Existing  Soil  Treatability  Data 
Feasibility  Study  Work  Plan 


Analyte 

Units 

#  Samples 
Collected 

Sample  ID 
Maximum 

Maximum 
Concentration 

Data 
Flags 

Average 

Central  Impact  Area 

Moisture  Content 

Total  Organic  Carbon  (TOC) 

PERCENT 
MG/KG 

40 
38 

HC11G1AAA 
HC11G1AAA 

23.1 
59100 

* 

16.1 
17076.5 

Demolition  Area  1 

Moisture  Content 

PERCENT 

8 

HC12J1BAA 

19.1 

* 

12.3 

Notes: 

1.)  A  database  query  for  soil  data  collected  to  date  at  the  Central  Impact  Area,  Demolition  Area  1  and  the  Southeast 
Corner  of  the  Ranges  was  performed  to  compile  this  table.  The  Southeast  Corner  of  the  Ranges  is  not  listed  since 
this  information  has  not  yet  been  obtained. 

2.)  *Moisture  content  is  not  a  validated  parameter. 

L/MMR/Feasiblity  Study/FSWP/tables/Table  2-1 


Table  5-5 

Feasibility  Study  Data  Requirements 

Potential  Groundwater  Remedial  Alternatives 

Feasibility  Study  Work  Plan 


-' 


Potential  Alternative 

Data  Needed1 

Bench/Pilot  Studies 

Hydraulic 
Conductivity 

N 

O 

c 

Biological 
Parameters" 

No  Action 

Hydraulic  Containment 

/ 

/ 

/ 

Impermeable  Barrier  Wall 

y 

y 

/ 

Reactive  Barrier  Wall 

/ 

/ 

/ 

/ 

y 

Recirculation  Well 

/ 

/ 

/ 

/ 

/ 

Chemical  Oxidation 

/ 

/ 

/ 

y 

Monitored  Natural  Attenuation 

/ 

/ 

/ 

/ 

Footnotes: 

This  table  lists  preliminary  data  requirements.  More  detailed  and  alternative  specific  feasibility 
study  data  requirements  may  be  determined  during  the  initial  screening  and  reported  in  the  Post- 
Screening  Investigation  Work  Plan. 

"Biological  parameters,  which  can  also  be  used  to  evaluate  the  potential  for  fouling  problems 
depending  on  the  technology,  typically  include:  dissolved  oxygen,  oxidation  reduction  potential 
(ORP).  nitrate/nitrite,  phosphate,  sulfate/sulfide,  total  and  dissolved  iron  and  manganese, 
methane,  carbon  dioxide,  temperature.  pH.  conductivity,  hardness,  alkalinity,  ammonia-nitrogen, 
biological  oxvsien  demand  (BOD),  chemical  oxvszen  demand  (COD),  and  total  suspended  solids 
(TSS). 


f 


Section  5  tables 
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Table  5-6 

Summary  of  Existing  Groundwater  Treatability  Data 
Feasibility  Study  Work  Plan 


#  Samples 

Location  ID.  Of 

Data 

Parameter 

Units 

Collected 

Max.  Detect 

Max. Cone. 

Flags 

Average 

Central  Impact  Area 

Alkalinity,  Bicarbonate  (as  CaC03) 

Alkalinity.  Carbonate  (as  CaC03) 

Alkalinity,  Hydroxide  (as  CaC03) 

Alkalinity.  Total  (as  CaC03) 

Hardness  (as  CaC03) 

Calcium 

Iron 

Manganese 

Total  Organic  Carbon 

Colormetric  Dissolved  Oxygen 

mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
ug/L 
ug/L 
ug/L 
mg/L 
ppm 

239 
239 
239 
239 
292 
243 
243 
243 
239 
26 

W02SSA 
No  Detects 

51 

8.4 

- 

- 

No  Detects 
W02SSA 
W07M1A 
W07M1A 
W07M1A 
W07M1A 
W02SSA 
WL37M1 

- 

- 

51 

8.4 

151 

57.8 
2,697.3 
3,006.5 

19.300 

102,000 

4.070 

102.2 

2.2 

J 

0.8 

12 

9.2 

Conductivitiy 

us/cm 

26 

WL51M3 

129 

72.0 

Dissolved  Oxygen 

ppm 

26 

WL04 

19.05 

11.0 

Oxygen  Reduction  Potential 

mV 

26 

WL09 

283.3 

210.6 

PH 

• 

26 

WL51D 

6.28 

5.5 

Temperature 

C 

26 

WL08 

15.39 

11.1 

Turbidity 

NTU 

26 

WL51M1 

15.3 

2.1 

Demolition  Area  1 

Alkalinity,  Bicarbonate  (as  CaC03) 

mg/L 

20 

W19DDA 

38 

9.38 

Alkalinity.  Carbonate  (as  CaC03) 

mg/L 

20 

No  Detects 

- 

- 

Alkalinity.  Hydroxide  (as  CaC03) 
Alkalinity,  Total  (as  CaC03) 
Hardness  (as  CaC03) 
Calcium 
Iron 

mg/L 
mg/L 
mg/L 

ug/L 
ug/L 

20 
20 
27 
25 
25 

No  Detects 
W19DDA 

No  Detects 
W19DDA 
W19DDA 

38 

- 

9.38 

- 

10,000 
2.060 

3,599.2 

1,152.2 

Manganese 

ug/L 

25 

W19SSL 

465 

58.2 

Total  Organic  Carbon 

mg/L 

20 

W19SSA 

1.3 

J 

0.75 

Colormetric  Dissolved  Oxygen 

ppm 

45 

WL33M 

49 

9.1 

Conductivitiy 

us/cm 

53 

WL35S 

90123 

3.813.1 

Dissolved  Oxygen 

ppm 

53 

WL33M 

18.23 

9.0 

Oxygen  Reduction  Potential 

mV 

53 

WL32D 

313.5 

201.9 

PH 

52 

WL19D 

7.54 

5.7 

Temperature 

C 

53 

WL32S 

19.98 

11.0 

Turbidity 

NTU 

52 

WL19D 

70 

3.2 
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Table  5-6  (cont.) 

Summary  of  Existing  Groundwater  Treatability  Data 
Feasibility  Study  Work  Plan 


#  Samples 

Location  ID.  Of 

Data 



Parameter 

Units 

Collected 

Max.  Detect 

Max. Cone. 

Flags 

Average 

SE  Corner  of  the  Ranges 

^ 

Alkalinity,  Bicarbonate  (as  CaC03) 

mg/L 

43' 

WF13XA 

74 

13-9 

Alkalinity,  Carbonate  (as  CaC03) 

mg/L 

43 

90MW0029B 

23 

.        23.0 

Alkalinity,  Hydroxide  (as  CaC03) 

mg/L 

43 

No  Detects 

- 

- 

Alkalinity,  Total  (as  CaC03) 

mg/L 

43 

WF13XA 

74 

14.5 

Hardness  (as  CaC03) 
Calcium 

mg/L 
ug/L 

40 

41 

WF13XA 
90MW0029B 

45.7 

45.7 

9,590 

J 

2703.9 

Iron 

ug/L 

41 

WF13XA 

26,200 

7301.6 

Manganese 

Total  Organic  Carbon 

ug/L 
mg/L 

41 
43 

W45SSA 
WF13XA 

990 

157.0 
2.4 

6.6 

Colormetric  Dissolved  Oxygen 

ppm 

56 

90MW0014 

12 

7.1 

Conductivity 

us/cm 

62 

90MW0034 

419 

105.7 

Dissolved  Oxygen 

ppm 

62 

WL45M1 

25.24 

8.3 

Oxygen  Reduction  Potential 

mV 

62 

WL45M2 

400 

179.9 

PH 

- 

62 

90MW0029B 

9.85 

5.7 

Temperature 

C 

62 

90LWA0007 

17.22 

10.7 

Turbidity 

NTU 

61 

90MW0029B 

59.8 

4.4 

Notes: 

1 .)  Alkalinity  analyzed  using  Method  310.1 . 

2.)  Hardness,  calcium,  iron  and  manganese  analyzed  using  Method  IM40B 

3.)  Dissolved  Oxygen,  conductivity,  oxygen  reduction  potential.  pH,  temperature  and  turbididity 

are  field  measurement  parameters 
4.)  J  -  estimated  result. 
5.)  mg/L  -  milligram  per  liter  c 

ug/L  -  micrograms  per  liter 

PPM  -  parts  per  million 

uS/cm  -  microsiemen  per  centimeter 

MV  -  millivolts 

C  -  degrees  celsius 

NTU  -  nephelometric  turbidity  units 
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Table  8-1 

Remedial  Design  and  Remedial  Action  Submittal  Schedule 
Feasibility  Study  Work  Plan 


Activity 

Due  Date  (calendar  days) 

Draft  RD  Work  Plan  and  revised  POP 

60  days  after  USEPA  approval  of  the 
selected  Remedial  Alternative 

Final  RD  Work  Plan  and  revised  POP 

60  days  after  receipt  of  all  comments 

60%  Complete  RD 

90  days  after  USEPA  approval  of  Final 
RD  Work  Plan 

RD  In-Progress  Review  Meetings 

Ongoing  throughout  RD 

100%  RD 

120  days  after  receipt  of  USEPA 
comments  on  60%  RD 

Draft  RA  Work  Plan  and  revised  POP 

60  days  after  USEPA  approval  of  100% 
RD 

Final  RA  Work  Plan  and  revised  POP 

60  days  after  receipt  of  all  comments 

Pre-Construction  Conference 

15  days  after  USEPA  approval  of  RA 
Work  Plan 

Initiate  RA 

30  days  after  USEPA  approval  of  RA 
Work  Plan  and  POP 

Weekly  RA  Progress  Meetings 

Ongoing  throughout  RA 

Draft  Operation  and  Maintenance  Plan, 
Environmental  Monitoring  Plan  and  revised 
POP 

60  days  after  75%  construction  complete 
date 

Final  Operation  and  Maintenance  Plan, 
Environmental  Monitoring  Plan  and  revised 
POP 

60  days  after  receipt  of  all  comments 

Final  Construction  Inspection 

45  days  after  1 00%  construction 
complete 

Draft  RA  or  OU  Completion  Report 

60  days  after  100%  construction 
complete 

Final  RA  or  OU  Completion  Report 

60  days  after  receipt  of  all  comments 

Draft  Demonstration  of  Compliance  Report 

After  demonstrating  compliance  with 
established  cleanup  levels 

Final  Demonstration  of  Compliance  Report 

60  days  after  receipt  of  all  comments 

1 .  Due  dates  for  submittals  correspond  with  requirements  of  AO#3. 

2.  Comment  period  is  anticipated  to  be  30  to  60  days. 

3.  Additional  submittals/documents  beyond  those  identified  may  be  required. 
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